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General introduction
Literacy acquisition is pivotal in children’s (early) development. It concerns 
the functional use, knowledge and processing of written text. Being literate is 
essential in order to participate in everyday society; a society wherein language 
is encountered regularly and frequently, thus being strongly language-dependent. 
In typically developing (TD) children, emergent literacy skills develop from a young 
age onwards in a playful and informal manner, for example by rhyming, painting 
and writing, singing nursery songs or communicating with the environment. These 
emergent literacy skills provide children with a basic literacy level before entering 
an educational setting, wherein literacy is actively being taught (The National 
Early Literacy Panel, 2008). Children who experience problems in their cognitive 
or intellectual abilities, however, also experience problems in literacy acquisition, 
making it more demanding and challenging to develop proper literacy skills (Erickson, 
Hanser, Hatch, & Sanders, 2009). In daily educational practice, many teachers and 
clinicians have difficulties to unravel early literacy skills in children with intellectual 
disabilities (ID). This daily educational dilemma initiated the research questions 
addressed in this dissertation and was issued by Royal Dutch Kentalis; a national 
organization in the Netherlands, specialized in providing diagnostic assessment, care 
and education to persons who are deaf, hard-of-hearing, deafblind, deaf-intellectually 
impaired, and to those who have moderate to severe developmental language 
disorders. In a collaborative attempt with the Radboud University, research on the 
underpinnings of early literacy development in children with ID, as well as on the 
developmental challenges of language and literacy skills they face, has led to the 
present dissertation. The results and conclusions of the present dissertation will be 
used to improve literacy learning programs for children with ID and a smaller group 
of children with additional hearing disorders (deafness or hard-of-hearing). 
The prevalence of ID has been estimated between 0.05 and 1.55% of the 
world population (McKenzie, Milton, Smith, & Ouellette-Kuntz, 2016), varying in 
severity. In the Netherlands, approximately 68.000 children between 0 and 17 year 
old have a disability, of whom 60% experience problems in intellectual functioning 
(Volksgezondheid en zorg, 2013). Moreover, an ID does not always stands on its own, 
as it can co-occur within a complex interplay of multiple disabilities. Comorbidities 
occur more frequently in ID than in typically developing individuals, such as sensory 
problems like blind- or deafness, or behavioral disorders such as attention deficit 
hyperactivity disorders (ADHD) or autism-spectrum disorders (ASD), or disorders 
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caused by genetic abnormalities (Schipper, 2014). All of these problems frequently 
interfere with literacy development from the very start on in learning to read. 
Whereas research in early literacy development in TD children is abundant (e.g., 
Melby-Lervåg, Lyster, & Hulme, 2012; Torgerson, Brooks, & Hall, 2006), literacy 
related research in children with ID is relatively scarce (but see Erickson et al., 
2009). On top of this, longitudinal research tracking the early literacy development 
is generally lacking in the ID population. In many cases, children with ID have an 
unknown diagnosis (Boat & Wu, 2015). Obscure etiologies and heterogeneity within 
this group of children makes it difficult to generalize research findings. The present 
thesis explored the cognitive and linguistic precursors and predictors of early literacy 
development in a group of children with a mild ID who are at the start of literacy 
acquisition. It also entailed a study on early literacy acquisition in a specific subgroup 
of children who experience hearing problems in addition to their ID.
This introductory chapter starts with an outline of research in early 
literacy in TD children, providing a theoretical framework of literacy acquisition. 
Next, research findings on early literacy acquisition and development in children with 
ID and those who experience additional deafness or hard-of-hearing problems (DHH) 
are introduced, as well as the role of home literacy environment (HLE) in the complex 
interplay of variables within the theoretical framework of early literacy acquisition 
 
 
Early Literacy Development in Typically Developing Children
A vast amount of research in TD children provided a comprehensive theoretical 
framework for the study on early literacy development and its precursors (see e.g., 
Adams, 1990; Ehri, 2014; NELP, 2008; Stackhouse & Wells, 1997). Early literacy 
refers to all pre-literacy skills a child needs to obtain while learning to read and 
write, and those pre-literacy skills are key in successfully learning to read (Anthony 
& Francis, 2005; Pufpaff, 2009). It encompasses three main theoretical constructs 
appear to be pivotal in future reading abilities; phonological awareness, or the 
ability to detect, manipulate or reflect on distinct sound structures of oral language 
(Anthony & Francis, 2005; Pufpaff, 2009; Stackhouse & Wells, 1997); letter 
knowledge as main indicator of the alphabetic principle, in which children learn that 
words consist of phonemes and can be represented by graphemes (Lonigan, Burgess, 
& Anthony, 2000; Melby-Lervåg et al., 2012; Oakhill & Cain, 2012); and word 
decoding as the ability to apply the knowledge of letter-sound connections in order to 
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translate print into (internal or external) speech in an accurate and fast manner (Perfetti, 
1984; Verhoeven & Van Leeuwe, 2009). Word decoding ability is often interpreted 
as the final stage of early literacy and gradually becomes automatized from Grade 
2 onwards when children learn to ascribe meaning to what they read. Combined 
with listening comprehension, children start to acquire reading comprehension skills 
(Hoover & Gough, 1990), the next step in becoming fully literate. 
Children experience literacy in their environment from a young age onwards. 
These emergent literacy opportunities provide them with the foundation of literacy 
knowledge (NELP, 2008), which they can use once they start to actively become 
involved in literacy learning, and are known to be moderate to strong predictors of 
early literacy (Storch & Whitehurst, 2002). The development of these constructs 
occurs whilst encountering literacy materials at home or in preschool (e.g., 
storybook reading, whilst singing of listening to nursery songs, exploring books on 
its orientation, or matching yet unknown symbols (graphemes) to a certain sound 
or meaning). Research revealed that intervention studies specifically targeted to 
emergent literacy provoked positive effects (Lonigan, Purpura, Wilson, Walker, & 
Clancy-Menchetti, 2013). Emergent literacy lays a foundation for the acquisition 
of phonological awareness and letter knowledge, wherein so-called phonemic 
representations (the smallest units of spoken language) develop, which are key in the 
development of early literacy. Phonological awareness and letter knowledge interact 
with each other, implying a synergistic effect between these two variables (Castles, 
Wilson, & Coltheart, 2011), and will eventually lead to understanding of grapheme-
to-phoneme connections, which are pivotal in the acquisition of early literacy.
Emergent literacy skills do not only have an effect on phonological awareness 
and letter knowledge. Several cognitive and linguistic variables have been found to 
influence the development of early literacy. These are nonverbal reasoning (Catts, 
Fey, Tomblin, & Zhang, 2002), verbal short-term memory (Muter, Hulme, Snowling, 
& Stevenson, 2004), executive functioning (Van de Sande, Segers, & Verhoeven 
2013), lexical retrieval (Norton & Wolf, 2012; Verhoeven, Segers, & Irausquin, 2016; 
Wolf,  Bowers, & Biddle, 2000), speech perception (McBride-Chang, 1995), speech 
production (Nathan, Stackhouse, Goulandris, & Snowling, 2004), and vocabulary 
(Sénéchal, Ouelette, & Rodney, 2006; Walley, Metsala, & Garlock, 2003). The 
complex interplay between these variables provides an important basis in learning 
to read once a child starts with formal literacy education. Besides cognitive and 
linguistic variables, environmental factors, such as socio-economic status (SES) 
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or the home literacy environment (HLE) are focus of attention in literacy research, 
contributing unique variance to the development of early literacy child-individual 
skills (Lundberg, Larsman, & Strid, 2012; Sénéchal & LeFevre, 2014). 
Longitudinal research has revealed that the aforementioned variables are 
all relevant in the acquisition of word decoding; the final stage of early literacy 
wherein a child is able to decode words letter by letter and synthesize these letters 
into a word, in so becoming able to read unknown words (Oakhill & Cain, 2012; 
Storch & Whitehurst, 2002). Before being able to decode words, the aforementioned 
precursors of literacy start to have an influence on early literacy within the time span 
of kindergarten towards first grade. Lonigan et al. (2000) found that both phonological 
awareness and letter knowledge were the only two unique predictors of word decoding 
in the developmental track from pre-school towards early grade school, stating the 
importance of these skills within early literacy development. However, the more 
skillful children become in decoding words, the more automatized phonological 
awareness and letter knowledge becomes, and its influences decline (Hogan, Catts, 
& Little, 2005). Storch and Whitehurst (2002) followed a group of 626 four-year-
old children for five years, measuring several linguistic variables related to literacy 
acquisition. Their results confirmed strong relationships between the so called code-
related literacy constructs (such as phonological awareness and letter knowledge) 
and reading. However, the older the children become, the less they tend to rely on 
these code-related literacy constructs in reading, since word decoding becomes more 
and more automatized. 
This automatization of word decoding develops through two constructs of 
interest; lexical retrieval and vocabulary. In a transparent orthography, as in the Dutch 
language, it is not only important to develop phonological representations whilst 
processing literacy. The speed of getting access to phonological, but also orthographic 
representations of language (lexical retrieval) influences the interaction between 
these two language representations, which is necessary for the development of early 
literacy (Verhoeven et al., 2016). Furthermore, a large vocabulary can help the child 
to explore, strengthen, and automatize certain sound and morphological structures 
within words that may occur repeatedly within different words (e.g., -ish or -ly at the 
end of a word). Once vocabulary is growing during development, phonemes become 
re-organized within the neural structures of the brain. This makes phonemes more 
effectively accessible. These phonological units, or phonological representations 
can then in turn strengthen the development of phonological awareness and letter 
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knowledge. The important role of vocabulary in early literacy acquisition, wherein 
frequent encounters within various words and their morphological structures triggers 
the accessibility of phonemes in becoming involved in literacy acquisition, is known 
as lexical restructuring (Goswami, 2001; Metsala, 2011).
Besides the aforementioned cognitive-linguistic variables, there are several 
other variables that play a role in early literacy development. In order to manipulate 
and reflect on sound structures in spoken language, a child needs to store, remember 
and retrieve these sound structures. In order to do so, the child has to perceive and 
process these sound structures in working memory within a short time frame, relying 
on the ability to discriminate between different sound structures. Verbal short-term 
memory encompasses storage of sounds, as well as correctly retrieving the sound 
structures from memory (phonological processing), and is known for its role in the 
development of early literacy (McCallum et al., 2006; Melby-Lervåg et al., 2012; 
Näslund & Schneider, 1996; NELP, 2008). In order to store the correct sounds, it 
is important to recognize and interpret the precise sound structures of speech. 
Speech perception refers to the ability to extract the smallest sound structures of 
speech correctly, and to process these so called phonemes correctly. The other way 
around, correct speech production may facilitate phonological processing and even 
future reading (see Foy & Mann, 2012). It is thought that incorrect speech production 
may lead to vague and unclear phonological representations in the child, making 
children with speech disorders at risk for proper literacy acquisition and development. 
Early Literacy Development in Children with Intellectual Disabilities
The development of early literacy in children with ID is, compared to knowledge 
in TD children, less well understood. The basic assumption is that most children with 
ID remain functionally illiterate, mainly because of their (severe) intellectual and 
developmental disabilities. However, an increasing amount of research alludes that 
children with moderate to mild ID (IQ level between 50 and 70) are able to become 
literate in a similar vein as TD children (Erickson et al., 2009). The learning process 
may evolve through the same precursors as known from typical literacy acquisition 
(Barker, Sevcik, Morris, & Romski, 2013; Channell, Loveall, & Conners, 2013; 
Conners, Rosenquist, Sligh, Atwell, & Kiser, 2006; Dessemontet & De Chambrier, 
2015; Hulme et al., 2012; Soltani & Roslan, 2013; Wise, Sevcik, Romski, & Morris, 
2010). Moreover, most of the children with ID seem to benefit from intervention 
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studies based on augmentative forms of phonics instruction (i.e., a method used in 
teaching children literacy by strengthening phonological and phonemic awareness; 
Hill, 2016; Joseph & Seery, 2004). It remains unclear, however, in what way and 
to what extent the precursors of literacy affect early literacy acquisition in children 
with ID. Irrespective of literacy learning being similar to TD children, the speed 
and level of achievements in literacy learning of children with ID differs from 
typical development. Children with ID remain slower and weaker in mastering the 
precursors of literacy than their TD peers with the same word reading abilities (Hulme 
et al., 2012) at comparable verbal mental age (Channell et al., 2013). Furthermore, 
the within group variation of children with ID is significantly higher than within a 
comparable age-group of TD children. 
Children with ID come into contact with early literacy in comparable ways 
as TD children (Al Otaiba, Lewis, Whalon, Dyrlund, & McKenzie, 2009), but it is 
questioned whether children with ID are in an environment that is as stimulating 
in early literacy as TD children (Marvin, 1994; Van der Schuit, Peeters, Segers, 
Van Balkom, & Verhoeven, 2009). Combined with a general cognitive delay, it is 
reasonable to assume that children with ID lag behind in early literacy acquisition. 
Van der Schuit, Segers, Van Balkom and Verhoeven (2011) found that children with 
ID who were approximately 4 to 5 years old were far behind their TD peers on various 
cognitive precursors of early literacy. Whereas phonological working memory skills 
were severely disturbed, they still proved to be important for language acquisition. 
These findings highlight the importance of phonological processing in literacy 
acquisition. Barker, Sevcik, Morris, and Romski (2013) confirmed these findings, 
but also added that children with ID use these phonological processing skills in 
acquiring early literacy. Next to phonological awareness skills, they also stressed the 
importance of lexical retrieval skills. If these early literacy skills become relatively 
well established, children with ID might be able to decode words. In a study by 
Conners, Atwell, Rosenquist, and Sligh (2001), 65 children with ID were split up in a 
group of 21 strong decoders and a group of 44 weak decoders. These two groups were 
compared on their early literacy skills. The results indicated that strong decoders 
performed significantly better on phonological tasks, despite comparable IQ levels. 
It was concluded that poor phonological representations of children with ID will lead 
to severe difficulties in word decoding. In all, research on early literacy in children 
with ID should thus focus on the phonological precursors of literacy, together with 
more cognitive variables that may be related to literacy acquisition and development.
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Research on the development of early literacy in children with ID is not that 
widespread. There are only a few studies known that investigated the longitudinal 
patterns of early literacy development in children with ID, and even less studies that 
compared the developmental track of these children to that of TD children (Byrne, 
MacDonald, & Buckley, 2002; Hulme et al., 2012; Van der Schuit, Segers, Van 
Balkom, & Verhoeven, 2011). Moreover, longitudinal studies within the field of ID 
tend to focus on specific etiological groups of children, for instance, children with 
Down Syndrome (Hulme, Goetz, Brigstocke, Nash, Lervåg, & Snowling, 2012; 
Kay-Raining Bird, Cleave, & McConnell, 2000; Roch, & Jarrold, 2011). The largest 
group within the population of children with ID, however, comprises children with 
unknown, obscure and unspecified etiologies. Whereas heterogeneity may affect 
the generalization of findings in research on children with ID, it must be noted that 
research within clinical subtypes of intellectual disabilities not necessarily means 
that the heterogeneity-problem with huge variation between participants is absent. 
A wide spread of variation in cognitive or linguistic proficiency will remain (Hodapp, 
DesJardins, & Ricci, 2003). Besides the given that research on the development of 
early literacy in children with ID is scarce, the transition from emergent literacy to 
early literacy, as well as the transition to eventual word decoding is yet unknown. 
The importance of investigating the underpinnings of literacy acquisition in this specific 
group of children is stressed, given that kindergarten-aged children who are starting 
to acquire early literacy are in a critical cognitive and linguistic developmental phase. 
The role of the Home Literacy Environment 
Besides internal cognitive child characteristics, there are also external 
characteristics involved in literacy acquisition. From birth onwards, children 
come into contact with language from their environment; parents and/or siblings 
communicate with their child, in so stimulating language development. Moreover, 
the environment of the child can also stimulate language- and literacy development 
in an active manner. Parents can engage their children in activities such as singing 
nursery rhymes, reading picture- and storybooks, or play literacy-related games. 
In doing so, parents stimulate emergent literacy skills that can be seen as prerequisite 
for learning early literacy in school (Justice & Kaderavek, 2002). All literacy activities, 
as well as all home and literacy materials available to the child, can be defined in a 
broader construct, namely the home literacy environment (HLE). This is known to 
explain unique variance in literacy acquisition (Burgess, Hecht, & Lonigan, 2002; 
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Griffin & Morrison, 1997; Niklas & Schneider, 2013; Sénéchal & LeFevre, 2014). 
Sénechal and LeFevre (2002; 2014) developed a Home Literacy Environment 
model based on longitudinal findings between the home environment and 
(the development of) language. Within this framework, two distinct pathways account 
for two different outcomes of language; an informal pathway, wherein print is not the 
main focus of attention when a child comes in contact with literacy, and a formal 
pathway, wherein print is the main focus during parent-child literacy interactions. 
Strong associations between the HLE and language are found, with informal literacy 
activities being related to oral language acquisition and formal literacy activities 
related to early literacy and later word reading, albeit the informal pathway is also 
weakly associated to early literacy. These associations hold up until Grade 2, when 
children become more fluent readers (Sénéchal & LeFevre, 2002).
Besides literacy material and literacy interactions, parental involvement 
in stimulating literacy is of utmost importance. Parental literacy instruction was 
found to be very effective (National Early Literacy Panel, 2008), with code-focused 
interventions and parental instruction techniques leading to large effects on early 
literacy outcome measures. Moreover, parental attitudes, beliefs and expectations 
are associated to various outcomes of early literacy (e.g., Dobbs-Oates, Pentimonti, 
Justice, & Kaderavek, 2015; Stephenson, Parilla, Georgiou, & Kirby, 2008). 
For example, Dobbs-Oates et al. (2015) noted that negative parental reading beliefs 
were related to worse outcomes in print-concept knowledge. The other way around, 
Martini and Sénéchal (2012) reported positive parental expectations of their child’s 
literacy capacities to be related to better early literacy in children. 
Although it is known that HLE is an important predictor for early literacy 
acquisition in children with ID (Marvin, 1994; Ricci, 2011), involvement of these 
children in home literacy practices is not always encouraging (Johnson, Bornman, 
& Alant, 2010), as these practices may not be tailored to the individual needs of the 
child. This may prevent children with ID to get access to the right literacy materials 
that can be used in early literacy acquisition. For the parents of children with ID, 
it proves hard to determine what to expect from their child’s future literacy level 
(Van der Schuit et al., 2009), and this may make it more difficult to support early 
literacy development. So-called parental estimations may, at first sight, not be part 
of the home literacy environment. However, parental estimations will influence the 
home literacy environment. Parents buy literacy material which they expect to attract 
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attention and to be instructive, and try to get involved in literacy activities with their 
child. Parental estimations of their child’s literacy level thus differ from parental 
expectations, which focus more on the expected literacy level a child will have at 
the end of literacy learning. Whereas research has focused on parental expectations 
of the future literacy level of children with ID (Peeters, Verhoeven, Van Balkom, 
& De Moor, 2009), research on parental literacy estimations is generally lacking. 
Within the development of literacy, these parental estimations might not only influence 
the home literacy environment of the child, but it may also affect the literacy level 
of children with ID once they are in the final stage of literacy acquisition. Parental 
estimations of their child’s literacy level may thus be seen as a new, unique and 
informative measure of the growth and development of early literacy in children with ID. 
Early Literacy in Children with ID and Additional Hearing Problems 
It is known that an ID is rarely just a single disorder. A disability in general 
cognitive functioning can cause several problems in multiple modalities, influencing 
the development of early literacy. Hearing problems or deafness frequently occurs in 
combination with an ID. In children, the estimated prevalence rate is 8.2% (Szymanski, 
Brice, Lam, & Hotto, 2012), and in adults with ID the prevalence rate is up to 30% 
(Meuwese-Jongejeugd et al., 2006; Schipper, 2014). It is known that hearing problems 
can have a detrimental effect on early literacy acquisition (Mayberry, Del Giudice, 
& Liebermann, 2010; Mayer, 2007; Perfetti & Sandak, 2000), although technological 
progress in hearing aids, as well as early implantation of cochlear implants (CI) has 
positive outcomes for literacy acquisition in deaf children (Ching et al., 2013; Harris, 
2016; Leybaert, Bayard, Colin, & LaSallo, 2015). Children with ID who have an 
additional hearing problem (ID-DHH) experience problems in both the cognitive 
and auditory domain. These problems are not simply additional but multiplicative in 
nature (Bruce, Di Natale, & Ford, 2008); children with ID-DHH experience problems 
in, for example, phonological processing due to their general cognitive problems, but 
also in processing auditory input due to their hearing problems. Moreover, speech 
problems in children with ID(-DHH) will also affect literacy processing, since speech 
feedback is not properly processed. The various literacy problems faced by children 
with ID-DHH all interact with each other, which makes it extremely challenging for 
these children to acquire at least a functional level of literacy. Although it is known 
that hearing problems frequently occur in children with ID, and with the knowledge 
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that both hearing problems and cognitive disabilities lead to disturbances in literacy 
acquisition, children who experience both impairments have not been subject of 
(literacy) research. 
Only one study referred to children with ID-DHH in relationship to functional 
communication (Allgood, Heller, Easterbrooks, & Fredrick, 2009), and three studies 
focused more or less on (early) literacy acquisition. In a study by Johnson and 
Goswami (2010), children who were deaf but had a CI were tested on their early 
literacy abilities. Within their sample, six children had an IQ score below 80, and 
three of them scored within the normal range on reading. It was concluded that deaf 
children with an additional problem in intellectual functioning processed reading in 
a similar vein compared to deaf children with an IQ score within the normal age 
range. More recently, Erickson and Quick (2017) found that students with ID and 
additional hearing problems did not experience more severe problems in receptive 
language skills. Students with hearing problems may make use of or depend more 
on other modalities, such as sign- or sign-supported language or speech-reading, in 
so compensating for their hearing loss. Finally, Van Wingerden (2017) compared 29 
children with ID-DHH to a group of children with ID and a group of TD children 
with similar age on literacy- and reading-related skills. She found that children 
with ID-DHH performed severely below their ID- and TD peers. However, whereas 
children with ID-DHH struggled with their phonological awareness skills, their letter 
knowledge appeared to relatively strong. This indicates that these children did not 
necessarily need strong phonological awareness skills before they started to learn 
the sound of each letter, but that they were able to decode words by applying their 
knowledge of letters. It was concluded that children with ID-DHH may have the 
ability to attain basic levels of literacy, despite the severity of their problems, both in 
the cognitive and linguistic domain.
In all, the scarce research that is done on literacy acquisition in children 
with ID-DHH suggests that the combination of the problems in hearing and 
intellectual functioning makes these children extremely vulnerable to illiteracy. 
However, even children with ID-DHH have the potential to master those literacy 
skills that are of importance to children with ID or TD children. For children 
with ID-DHH, it is key to investigate which literacy skills are relatively strong, 
whether prerequisites of literacy are important to this specific group, and whether 
they are prone to applying other modalities in literacy acquisition, which they 
can use as compensatory strategies to become literate on a functional level. 
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The Present Study
As already mentioned, the underpinnings of early literacy acquisition in 
TD children are quite clear; phonological awareness and letter knowledge interact 
in creating so called grapheme-to-phoneme connections, which in turn provide a 
basis for word decoding. Various precursors may interact within this process from 
kindergarten to Grade 2, wherein it may be assumed that TD children have reached 
the final stage of early literacy, namely proper word decoding. Whereas TD children 
attend regular education in the Netherlands, children with special educational needs 
attend special education based on their educational needs and challenges. Children 
with ID, for example, may receive their education in so-called ‘cluster 3’ schools in 
The Netherlands, specifically meant for children with ID and/or motor disabilities, as 
well as for chronically ill children. However, children with ID-DHH attend ‘cluster 
2’ schools, specialized in education to children with hearing problems and children 
with developmental language disorders. Although children with ID-DHH experience 
additional problems besides being intellectually disabled, education for this group 
of children adheres to educational and teaching principles used for children with ID 
in ‘cluster 3’ schools.  Classes in ‘cluster 2 schools’ for children with ID-DHH are 
quite smaller (7 to 10 children) than in ‘cluster 3 schools’ for children with ID (12 to 
15 children) and regular education (with classes of up to 30 children). Furthermore, 
a teaching assistant is working together with a specialized teacher in both cluster 2 
and cluster 3 schools. 
Concerning literacy education, specific methods for these special education 
schools (in both cluster 2 and 3) are lacking, and oftentimes schools rely on existing 
literacy methods from regular education. These methods are not tailored to the needs 
of children with ID. They are not adapted to the world-perceptions of the child, and 
do not match the learning speed and level of children with ID. However, the basic 
assumptions of literacy learning used in such methods may apply to those skills 
that are important for children with ID as well. This leads to discrepancies between 
what children with ID need and what is provided to them by their teachers at school. 
An example would be a method focusing more on global word-reading strategies 
which could prevent children with ID to develop literacy skills via phonological 
awareness and grapheme-to-phoneme connections; although this strategy is 
applicable for children with ID (Wise et al., 2010). In order to be able to optimize 
instruction for children with ID, it is important to investigate how early literacy in 
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 children with ID is acquired, how the development of early literacy is evolving, and 
which precursors are important in the quest of children with ID in becoming literate. 
 
The present thesis focuses on those topics of interest, and aims to provide an answer 
to the following research questions:
1) What are the differences in early literacy development of children  
 with ID as compared to their typical peers?  
2) Which cognitive and linguistic precursors contribute to the development  
 of early literacy in children with ID? 
3) What is the influence of the home literacy environment on the early  
 literacy development in children with ID? 
4) How can the individual variation in early literacy in children with  
 ID-DHH be explained?
 
 
Outline of the dissertation
Five studies are presented to answer these research questions, which are assembled 
from three major data collections. Chapter 2 entailed data from a pilot study on the 
test assessment of children with ID, Chapter 3, 4, and 5 resulted from a longitudinal 
data collection and a questionnaire (Chapter 5), and Chapter 6 resulted from data 
collection of a specific subgroup of children with ID-DHH. Central within these 
studies are the three key variables within an early literacy framework which is based 
on the abundant research in the typically developing population, namely phonological 
awareness, letter knowledge, and word decoding, wherein word decoding can be 
interpreted as final outcome of early literacy. Mastery of word decoding will mark 
the end of early literacy, and combined with listening comprehension will become 
the starting point of acquiring reading comprehension (Hoover & Gough, 1990). 
Furthermore, the present dissertation focused on the influence of precursors of early 
literacy from multiple domains, namely cognitive, linguistic, and environmental 
precursors, within various groups of children who are at the start of acquiring early 
literacy skills (typically developing children, children with ID, and children with 
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ID-DHH). Research is done cross-sectional and longitudinal, tapping into both 
acquisition and development of early literacy.
Chapter 2 entails the investigation of both cognitive and linguistic predictors 
of early literacy in children with ID and a control group of TD children. Both 
differences between groups on these predictor measures of early literacy, as well as 
the early literacy skills phonological awareness, letter knowledge, and word decoding 
were analyzed, to determine whether predictor variables known to be important in 
TD children would also account for early literacy acquisition in children with ID.
In Chapter 3 and 4, results of a longitudinal study are described. In Chapter 
3, the focus lies on both cognitive and linguistic variables involved in the reading 
process in kindergarten-aged children with ID. This group is compared to a group of 
TD children on these cognitive and linguistic variables, and we investigated whether 
individual variation in early literacy within each group could be explained by the same 
precursors. Chapter 4 is a follow-up study of Chapter 3, focused on the development 
of early literacy the same children from Chapter 3, by using a longitudinal research 
design. The main precursors of early literacy for both children with ID and TD 
children were investigated throughout the development of these children by using 
structural equation modeling, to investigate both differences and similarities between 
these groups.
Chapter 5 focuses more on the environment (i.e., the home literacy 
environment) of children with ID in relationship with their growth on early literacy. 
Questionnaires tapping into the home literacy environment of children (based 
on the Home Literacy Model by Sénéchal & LeFevre, 2014), as well as on the 
parental estimations of their child’s early literacy level were used. Home literacy 
variables were divided into active and passive involvement of literacy at home, with 
active involvement focusing on interaction between parent and child, and passive 
involvement being (the amount of) literacy material present at home. Parental 
estimationscan be seen as a proxy measure of parental expectations of their 
child’s literacy level.It is thought that correct estimation will lead to the 
application of correct literacy materials and activities, which will enhance the growth 
in early literacy.
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An intellectual disability does oftentimes not stand on its own. Comorbidities 
are frequent, especially related to the auditory domain. In Chapter 6, we conduct 
research in a group of children with ID who experience additional hearing problems 
(deaf or hard-of-hearing (DHH)). It was investigated what the effects of this double 
disadvantage are on early literacy acquisition. Whereas children with ID already 
experience cognitive disadvantage, the additional auditory problems lead to a 
severe disturbance in early literacy acquisition in this vulnerable group of young 
children. The pattern of prerequisites of early literacy may shed a clearer view on the 
weaknesses, but also relative strengths of this highly specific group of children with 
ID who experience an additional disadvantage in their literacy development.
This dissertation ends with a general discussion and conclusion in Chapter 7, 
wherein the findings of the present dissertation are reviewed, summarized, and 
discussed in the light of an early literacy framework that is present within each of 
the individual chapters. Furthermore, limitations of the studies are provided, which 
can act as points of improvement in future research, and (the importance of) the 
theoretical research findings are highlighted, and link these results to the practical 
field; what can teachers, parents, practitioners, therapists, or clinicians do with these 
results to provide children with ID (-DHH) the most optimal environment to become 
at least functionally literate in the future? The present research and dissertation 
combines the scientific interest in this topic from the Radboud University with the 
educational significance initiated by the Royal Dutch Kentalis, in investigating early 
literacy acquisition in children with ID and ID-DHH, in order to elaborate on the 
scarce knowledge on literacy development in children with ID, and to provide input 
for a renewed special literacy program for education.
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Abstract
The present study investigated the linguistic and cognitive predictors of early 
literacy in 17 children with intellectual disabilities (ID) (mean age: 7; 6 years)
compared to 24 children with normal language acquisition (NLA) (mean age: 6; 
0 years), who were all in the so-called partial alphabetic phase of reading (Ehri, 2005). 
In each group, children’s performances in early literacy skills (phonological 
awareness, letter knowledge, and word decoding) were assessed, as well as their 
achievement in linguistic and cognitive measures associated to these skills. 
The results showed that, notwithstanding the fact that there were no differences in 
word decoding, children with ID lagged behind on all predictor measures relevant 
to early literacy skills compared to children with NLA. Moreover, whereas children 
with NLA showed a regular predictive pathway of early literacy skills, children with 
ID showed a deviant pattern, in which nonverbal intelligence and rhythmic skills 
proved to be of major importance.  Also letter knowledge appeared to be involved in 
their early literacy processing.  It can be tentatively concluded that in the ID group, 
children’s level of nonverbal intellectual abilities in combination with rhythmic 
ability proves pivotal in the development of their early literacy skills. 
Keywords: Intellectual disability, word decoding, letter knowledge,  
phonological awareness, early literacy skills.
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Predictors of early literacy skills in children with intellectual disabilities
Most children learn to read seemingly effortlessly from first grade onwards, but 
this process is less obvious in children with intellectual disabilities (ID). In children 
with normal language acquisition (NLA), the palette of linguistic and cognitive 
predictors of early literacy skills seems to be quite clear (Hammill, 2004; National 
Early Literacy Panel, 2008). And although problems that children with significant 
IDs encounter in acquiring early literacy skills are well established (Erickson, 
Hanser, Hatch, & Sanders, 2009), little is known about the linguistic and cognitive 
correlates of these skills. Most research in the domains of literacy and ID was on 
a specific subgroup of ID (e.g., Down’s Syndrome; Martin, Klusek, Estigaribbia, 
& Roberts, 2009; Næss, Melby-Lervåg,, Hulme, & Halaas Lyster, 2012; Yoder & 
Warren, 2004), or included a population with a larger age-span and with only a small 
subset of predictors (e.g., Barker, Sevcik, Morris, & Romski, 2013; Chanell, Loveall, 
& Conners, 2013; Soltani & Roslan, 2013; Wise, Sevcik, Romski, & Morris, 2010). 
In the present study, we therefore investigated the role of linguistic and cognitive skills 
associated with early literacy skills (i.e., phonological awareness, letter knowledge, 
and word decoding) in both six to eight year old children with NLA and children with ID 
with various etiologies, who were in the partial alphabetic phase of literacy learning. 
Predictors of Early Literacy in Children with Normal Language Abilities
For children with NLA, several important skills are involved in learning to 
read, which can be subdivided into linguistic and cognitive skills. Linguistic skills 
related to reading include print awareness, phonemic awareness, alphabet knowledge, 
sound-letter correspondences, rapid automatized naming (RAN), and oral- and silent 
reading fluency, and cognitive skills include memory related components (Hammill, 
2004). The importance of phonemic awareness (a hierarchically complex subset of 
phonological awareness skills, wherein awareness of the most fundamental units 
of speech-sounds are involved), letter-sound knowledge, and memory was again 
stressed in a recent meta-analysis by Melby-Lervåg, Halaas Lyster and Hulme (2012). 
Furthermore, the National Early Literacy Panel (2008) considered phonological 
memory to be one of the key factors in learning to read. Also executive functioning 
was found to be a critical component in the development of preschool children 
starting to learn to read (Altemeier, Abbott, & Berninger, 2008; Garon, Bryson, 
& Smith, 2008; Van de Sande, Segers, & Verhoeven, 2013). 
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In addition, the National Early Literacy Panel (2008) stressed the role of oral 
language skills, in which vocabulary and speech production skills are involved. 
Proficiency in these skills, combined with early literacy abilities phonological 
awareness and letter knowledge, will benefit the reading process later on. Moreover, 
according to the lexical restructuring hypothesis, vocabulary can provide the 
foundations for phonological sensitivity, or the combination of both phonological and 
phonemic awareness skills (Dickinson, McCabe, Anastasopoulos, Peisner-Feinberg, 
& Poe, 2003), and may therefore be an important underlying skill for learning to read. 
A final important, but less frequently studied parameter associated with early 
literacy is rhythm. Several neurocognitive studies have indicated that the perception of 
rhythm enhances executive control functions, i.e., attention regulation and sequential, 
phonological working memory (Baddeley, Gathercole, & Papagno, 1998; Saito, 
2001). Through the processing of rhythm, synchrony, tempo, and intensity, infants 
develop their capacity to differentiate, analyze, and store information from more than 
one sense modality (Bahrick & Lickliter, 2004). This capacity is also required for 
the analysis of auditory and visual information during speech and reading (Anvari, 
Trainor, Woodside, & Levy, 2002). David, Wade-Woolley, Kirby, and Smithrim 
(2007) stressed the importance of non-speech rhythm in relationship with meta-
linguistic skills such as phonological awareness. They found that in earlier phases of 
reading, relatively high demands are placed on the child’s phonological awareness 
skills during the process of decoding simple monosyllabic words.  Moreover, in 
speech rhythm processing, the correct detection of the onset of rhythm tempo and 
patterns (called rise-time) explained a significant amount of variance in all sorts of 
literacy-related tasks (Goswami et al., 2002) as well.  
 
Predictors of Early Literacy in Children with Intellectual Disabilities
Whereas the picture of early literacy skills and its predictors in children with 
NLA is relatively clear, this is by no means the case in populations with ID. It is 
known that early literacy skills in children with ID are hampered, although there 
is clear evidence that individuals with ID are able to learn to read to at least some 
extent (Loveall & Conners, 2013). The level of intelligence was found to directly 
predict word decoding skills and to mediate the relationship between early literacy 
skills and later word decoding (Levy, 2011). The mastery of a certain level of 
early literacy does not seem to guarantee that children with ID are able to acquire 
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functional reading comprehension skills later on in life (Jones, Long, & Finlay, 2006). 
Due to the large heterogeneity in groups of children with ID, research often focused 
on groups with a specific subtype of ID with distinct cognitive profiles (e.g., children 
with Down Syndrome; Snowling, Nash, & Henderson, 2008). Problems related to 
linguistic skills like phonological awareness and expressive vocabulary are often 
present in this group, leading to language problems. With specific instruction, 
however, a certain level of literacy in children with Down Syndrome can be achieved 
(Martin et al., 2009). Direct word recognition, or sight-word reading, appeared to be 
more commonly used as a word reading strategy in this group of children, whereas 
decoding words proved to be difficult, due to their phonological problems (Snowling, 
Nash, & Henderson, 2008; Verucci, Menghini, & Vicari, 2006).
Erickson et al.  (2009) reviewed research on literacy acquisition in students 
with significant IDs based on the various linguistic skills reported in the National 
Early Literacy Panel (2008). They concluded that especially problems in phonological 
awareness prevented proper reading acquisition in this group of children. However, 
in a review study by Joseph and Seery (2002), it was found that children with ID 
can make substantial progress in reading by making use of grapheme-to-phoneme 
connections. More recently, Finnegan (2012) suggested that children with ID 
benefited from systematic phonics instruction, and that it is important to maintain 
this form of instruction for children with ID throughout their education.
Several other studies focused on the importance of phonological awareness 
skills in learning to read in adults and children with ID. Iacono and Cupples (2004) 
found that phonological awareness contributed significantly to both real- and 
nonword recognition in a group of adults with complex communication needs and 
ID, and so did Vandervelden and Siegel (2001) in a group of children with complex 
communication needs who used augmentative and alternative communication 
(AAC). Wise et al. (2010) found comparable results in a group of children with 
mixed etiologies, and again stressed the importance of phonological awareness skills 
in learning to read. With respect to these findings, it was tentatively concluded that 
children with ID do not differ from children with NLA regarding the importance of 
phonological awareness in learning to read. 
In children with ID, little is known on the role of vocabulary in learning to 
read. In their review, Abbeduto, Warren, and Conners (2007) opted that vocabulary 
is related to early literacy skills, such as phonological awareness (a finding supported 
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by Barker, Sevcik, Morris & Romski, 2013). The amount of words adolescents with 
Down Syndrome possessed was equal to the amount of words in children with NLA 
with a comparable mental age, but there are problems in vocabulary processing in the 
early years of children with Down Syndrome (Abbeduto, Warren, & Conners, 2007). 
This statement reflects that problems that arise in early vocabulary development in 
children with Down Syndrome, appear to be related to problems in their general 
cognitive development. Ypsilanti, Gouios, Alevriadou, and Tsapkini (2005) compared 
the language profiles of children with Down Syndrome and Williams Syndrome, 
and revealed different underlying vocabulary profiles due to different underlying 
linguistic mechanisms used by the two groups. The benefits of the vocabulary profile 
of children with Williams Syndrome compared to children with Down Syndrome 
provides them with a linguistic advantage.
Speech production was found to be an important precursor of word decoding 
in children with cerebral palsy (CP) with mild ID or average intelligence (Peeters, 
Verhoeven, de Moor, & van Balkom, 2009). These findings were explained by problems 
that children with CP experienced in the retrieval of whole-word phonology and the 
interference of these problems with phonological recoding skills. The same results 
were found by Lewis et al. (2011) in a group of children with speech sound disorder, 
and were explained by problems in phonological awareness skills in these children. 
Besides linguistic skills, cognitive skills can have a negative influence 
on early literacy in children with ID (Conway & Pisoni, 2008). In general, the 
cognitive development of children with ID is disturbed in such a way that deficits in 
phonological memory storage occur, which in turn may lead to problems in reading 
(Chanell, Loveall, & Conners, 2013; Henry & MacLean, 2002; Schuchardt, Maehler, 
& Hasselhorn, 2011). In particular, rehearsal of phonological information proved to be 
important for word decoding. Conners, Atwell, Rosenquist, and Sligh (2001) divided 
a group of children with ID in groups with either strong or weak decoding skills, and 
showed that stronger decoders were better in phonological rehearsal, which in turn 
strengthened their word decoding skills. Finally, executive functioning skills appear to 
be problematic in most children with ID. Verbal working memory and inhibition, two 
specific components of executive functioning, were found to be hampered in children 
with word recognition deficits, although these deficits were linked to phonological 
awareness, phonological memory, and rapid naming weaknesses (e.g., Danielson, 
Henry, Messer, & Rönnberg, 2012). These findings ask for further investigation on 
the role of executive functioning in early literacy skills in children with ID.
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The Present Study
Although previous research has shown that intellectual disabilities may affect 
proper reading acquisition, little is known about the cognitive and linguistic factors 
explaining individual differences in early literacy achievement. The important role 
of phonological awareness in learning to read in the ID group was evidenced mostly 
for reading the English language, which has a non-transparent orthography, and 
may be less apparent in a more transparent language like Dutch (cf. Share, 2008). 
Research has indeed shown that in transparent languages phonological awareness 
tends to be a significant precursor of reading, but is less important as compared 
to opaque languages (Ziegler & Goswami, 2005). Reading problems in these 
languages are more related to speed-of-processing and automatization (Wimmer & 
Schurz, 2010). The above review of literature makes clear that both cognitive and 
linguistic factors may influence the reading process. However, a combination of tests 
related to the two types of factors has not yet been investigated within one design. 
More importantly, it has not been studied in a broad group of young children with 
ID. In the present study, we therefore investigated the precursors of early literacy in a 
group of 6 to 8 year old children with ID in comparison with a group of typical 5-to-6 
year old children in kindergarten.  Although the age and intelligence level in the two 
groups differed, the ID children and typical children were comparable in their phase 
of literacy acquisition in that both were in the so-called partial alphabetic phase of 
reading. In this phase, kindergarten children start to learn graphemes, phonemes, and 
the relationship between these constructs, in order to get a grasp of learning how to 
read words (Ehri, 2005).
To gain insight into the differences in early literacy achievement between the 
two groups, as well as to investigate what the predictors of three levels of literacy 
skills were (word decoding, letter knowledge, and phonological awareness), the 
following questions were asked:
1) How do children with NLA and children with ID who are in the partial  
 alphabetic stage of reading acquisition differ from each other on their  
 early literacy skills (word decoding, letter knowledge, and phonological  
 awareness) and related linguistic and cognitive factors?
2) What are the predictors of early literacy skills in children with NLA  
 and children with ID?
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With respect to the first question, it was expected that children with ID scored lower 
than children with NLA on cognitive (Bergeron & Floyd, 2006) skills and linguistic 
skills (e.g.,  Verucci et al., 2006) related to early literacy. With respect to the second 
question, it was expected that children with NLA would show a regular pathway 
of literacy skill prediction, wherein phonological awareness would predict letter 
knowledge skills, which in turn would predict the integration of letter knowledge 
into word decoding (Aarnoutse, van Leeuwe, & Verhoeven, 2005; Hudson, 
Torgesen, Lane, & Turner, 2012). According to the lexical restructuring hypothesis, 
vocabulary might also play a role in predicting literacy skills (Dickinson et al., 2003). 
Since children with ID lag behind in their early literacy skills (Erickson, Hanser, 
Hatch, & Sanders, 2009), it was expected that these children lag behind in cognitive 
and linguistic precursors, which would impede the proper acquisition of early literacy 
skills.
 
Method
Participants
Participants were children from six special education schools for children 
with ID in the Netherlands who were in the partial alphabetic stage of reading 
acquisition (Ehri, 2005), as evidenced by an above-chance level of letter knowledge 
skills, and 24 second-year kindergarten children with NLA from one regular primary 
school in the Netherlands. Children with ID were selected from a group of all children 
present in the six special education schools in between 6 and 8 years of age at time 
of assessment.  Furthermore, their IQ score was between 50 and 85.  The children 
had a normal or corrected-to-normal vision, no hearing impairment, and Dutch was 
their primary language. In total, approximately 50 children were selected, but only 17 
children were given parental informed consent to participate. The selected children 
were the top-level readers in their age group at their school. Children with even 
better reading scores were excluded; they were often older than our age-range or had 
an IQ score higher than the participation criteria. Children who performed below 
the demand of being in the partial alphabetic phase of reading were not allowed to 
participate in the present study. 
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The group of children with ID consisted of 13 boys and four girls, with 
a mean age of 7; 6 years (SD = 0.85, range 6; 2 – 8; 11). All children had an ID, 
and, except for two children, one or more additional etiologies were experienced: 
five children with Down- or another syndrome, seven children with additional severe 
language impairments (SLI), five children with an accompanying disorder like autism 
(ASD) or attention deficit hyperactivity disorder (ADHD), two children with (verbal) 
dyspraxia, one child with an anxiety disorder, and two children with a yet unknown 
etiology. 
Twenty-four kindergarten children from one regular primary school in the 
Netherlands comprised the group of children with NLA. Kindergarten is a two-year 
program in the Netherlands, and children in our study were all in their second year; 
the year prior to formal reading education, which starts in Grade 1. The group of 
children with NLA consisted of 11 boys and 13 girls, with a mean age of 6; 0 years 
(SD = 0.30, range 5; 4 – 6; 6). These children had no intellectual impairments, had 
normal or corrected-to-normal vision and no hearing impairment, and their primary 
language was Dutch. One child was diagnosed with an attention deficit hyperactivity 
disorder. The two groups of children did not differ on word decoding, t(39) = 1.39, 
p = .17, d = 0.45. Children with ID (M = 90.65, SD = 10.25) were approximately 
1.5 years older than children with NLA (M = 72.00, SD = 3.54), t(18.7) = -7.20, 
p < .001, d = -2.69. Furthermore, children with ID (M = 15.15, SD = 5.51) had a lower 
nonverbal intelligence compared to children with NLA (M = 24.21, SD = 5.00), t(39) 
= 5.46, p < .001, d = -1.78.
 
Materials
Nonverbal intelligence. Nonverbal intelligence was measured with the 
Raven Coloured Progressive Matrices (Raven, 1956). The task was administered 
receptively after a short, verbal introduction. The task consisted of 36 items, divided 
in three parts with 12 items, increasing in difficulty. The child was asked to point at 
one out of six pieces that completed a yet incomplete figure that was presented above 
the six figures. Since a large number of children with ID completed the task with a 
lower score compared to the norm scores available, raw scores were used for analysis. 
For this task, good reliability (Split-half reliability coefficient = .82 for 6-year old) 
was found (van Bon, 1986).
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Rhythm. The Ritme test [Rhythm test] (Van Uden, 1983) was used for measuring 
the reproduction of rhythm patterns; both in reproduction by rhythm copying and by 
rhythm copying from memory.  In this task, sequential memory is assessed, which 
can be related to auditory memory processes (Bahrick & Lickliter, 2004) involved 
in literacy learning (Baddeley, Gathercole, & Papagno, 1998).  The child was given 
a pencil and was asked to tap a certain rhythmic pattern that was first produced by 
the examiner. The examiner demonstrated the correct rhythmic pattern twice. If the 
child succeeded in tapping the rhythm at least partly correct, the child was asked 
to copy the rhythm for five consecutive times without further demonstration by the 
examiner. The examiner scored whether the child tapped an incorrect rhythm pattern 
(score = 0), a partly correct rhythm pattern (score = 1), or a correct rhythm pattern 
(score = 2). If a child failed to copy the rhythm by reproduction of the demonstration 
by the examiner twice in a row, the test was terminated. The rhythm score entailed 
the cumulative score of correct rhythm copying by reproduction and rhythm copying 
from memory.  No reliability scores are known for this task.
Executive functioning. Executive functioning was measured by a complex 
response inhibition task called the Grass/Snow task (Carlson & Moses, 2001). 
The child sat in front of the experimenter with his/her hands on the table. In front of 
the child lied a green card and a white card. First, the child was asked to indicate the 
color of grass (green) and snow (white). Then, it was explained that a strange game 
would be played. The child had to point to the white card if the examiner said gras 
[grass], and to the green card if the experimenter said sneeuw [snow]. After 2 correct 
practice trials, 16 trials were presented in a pseudorandom order comparable to the 
day-night test (Gerstadt, Hong, & Diamond, 1994), and accuracy was scored.  If the 
child self-corrected a mistake, the first initial choice of the child was scored.
Auditory short-term memory. To measure auditory memory, a serial-
recognition experiment by Gathercole, Pickering, Hall, and Peaker (2001) was 
adjusted in such a way that non-speaking children were able to provide an answer 
receptively by making use of a hand doll (Peeters et al, 2008). The examiner spoke 
out a string of words, and after 2 seconds, the hand doll, controlled by the examiner, 
repeated the string of words correctly or incorrectly (with one word differing from 
the other string of words, e.g.,  tak [twig] – zon [sun] – pet [cap] versus tak [twig] – 
raam [window] – pet [cap]). The child was asked to point at a happy smiley placed 
in front of him/her in case he or she thought that the string of words were correctly 
repeated by the hand doll, and the child had to point to a sad smiley in case he/she 
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thought that the string of words was incorrectly repeated. The task started with six 
one-word strings, entailing one set of six strings, and continued to increase with one 
word in each set, up to a maximum of eight words in one set of six strings, making 
up to 48 items in total. Ten high-frequent monosyllabic consonant-vowel-consonant 
(CVC) words were used that differed in both phonology and semantics. If the child 
failed to point at more than three correct answers in each set, the task was terminated. 
In Peeters, Verhoeven, Van Balkom and De Moor (2008), high internal consistency 
was found for this task (Cronbach’s α = .95 - .97).
Auditory discrimination. The auditory discrimination task (Peeters, 
Verhoeven, Van Balkom & De Moor, 2008) was used to measure auditory perception 
abilities. Two pictures were presented of concrete one-syllable words that were related 
to each other in sound, but differed minimally in either their first- or last consonant, 
or in their vowel (e.g., bel [bell] and bal [ball], or bijl [axe] and pijl [arrow]), in order 
to identify whether children were able to discriminate between minimally differing 
word pairs. To prevent the children from lip-reading, a piece of paper was held in 
front of the mouth of the examiner. The task had 20 items and the reliability of the 
task was high (Cronbach’s α = .97).
Rapid naming objects. For measuring rapid automatized naming, the rapid 
naming objects subtest from the Ernstige Spraak-taal Moeilijkheden toets [Specific 
Language Impairment test] by Verhoeven (2005) was used. This task comprised 
a card with five common objects ([duck], [glasses], [shoe], [comb], and [house]), 
which were represented in a random order listed over four columns of 30 objects. 
The child was asked to name the objects as fast but accurately as possible within one 
minute. Good internal consistency was found (Cronbach’s α = .86).
 Phonological awareness. Phonological awareness was measured with the 
computer version of the Screeningsinstrument Beginnende Geletterdheid (Diagnostic 
Instrument for Emerging Literacy; Vloedgraven, Keuning, & Verhoeven, 2009). 
In this test, four phonological tasks were assessed (rhyme, phoneme identification, 
phoneme segmentation, phoneme deletion). Each task started with showing three 
pictures which were supported by an auditory output. In the rhyme task, the child 
was asked to click on the picture that rhymed with an auditory provided word after 
the initial auditory output. In the phoneme identification task, the child had to click 
on the picture starting with the same phoneme as the first phoneme of an auditory 
provided word after the initial auditory output. In the phoneme segmentation task, 
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the phonemes of each picture word were produced individually, and the child had to 
click on the picture that corresponded to the eventual target word. In the phoneme 
deletion  task, the target word was pronounced and after this, one phoneme was 
deleted from the target word. The child had to click on the picture that corresponded 
the target word after a phoneme was deleted. All four phonological awareness tasks 
consisted of two practice items and 15 critical items. All items were selected from 
the Dutch word frequency list by Schaerlaekens, Kohnstamm, en Lejaegere (1999) 
and comprised high-frequency monosyllabic Dutch words. The reliability of each 
independent task was good (Cronbach’s α = .90, Vloedgraven & Verhoeven, 2007)
Letter knowledge. Letter knowledge was also measured by the 
Screeningsinstrument Beginnende Geletterdheid (Vloedgraven, Keuning, & 
Verhoeven, 2009) but had a slightly different set-up compared to the previously 
described tasks. Four letters were shown on the screen, and one letter was provided 
by a recorded computer voice. The child was asked to click on the letter that 
corresponded with the auditory output. All letters of the alphabet, except for Dutch 
low-frequently occurring letters [c], [x], [q], and [y], were used in this task. Instead 
of these letters, the more frequent Dutch digraphs such as [aa], [oo], or [oe] were 
inserted. There were five practice items and 34 critical items. The reliability of the 
receptive letter knowledge task was high (COTAN, 2012; Cronbach’s α = .90).
Receptive vocabulary. A Dutch version (Schlichting, 2005) of the Peabody 
Picture Vocabulary Test III (Dunn & Dunn, 1997) was used to measure receptive 
vocabulary. The test was digitalized in order to simplify the assessment. The child 
sat in front of a computer screen, and four pictures were projected. A recorded voice 
from the computer provided a word that corresponded to one of the four pictures on 
the screen. The child was asked to click on the picture that matched with the spoken 
word. In total, a maximum of 17 sets of 12 items were presented. If a child made nine 
or more errors within a fixed set of 12 items, the test was automatically terminated. 
Raw scores were used for analysis. The internal consistency coefficient of this test 
lied between Lambda-2 = .92 and .95.
Word and pseudoword articulation. The tasks for both word- and 
pseudoword articulation were taken from the standardized Word Articulation task 
of the SLI Screening test (Verhoeven, 2005). In these tasks, the child was asked to 
repeat a word or pseudoword. The words were presented by a recorded computer 
voice one at a time. The task started with simple one syllable words, which increased 
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up to five syllable words. Both tasks consisted of 40 items, and if a child made five 
successive articulation errors, the task was terminated. Reliability of these tasks was 
high (Cronbach’s α = .94).
Word decoding. Word decoding was assessed by using a shortened and 
adapted version of the Leerling- en Onderwijs Volgsysteem Technisch lezen groep 
3 [Student- and Educational Tracking system Technical reading class 3] (Jongen, 
Krom, & Roumans, 2009). An item consisted of a picture with five written words 
next to the picture. The child was asked to point at the correct word that corresponded 
the picture. The words were presented in an order from least to most complex, with 
CVC words at the start, increasing to CVCVC words and two-syllable words at the 
end of the task. In total, there were three practice items and 40 critical items. If the 
child made four consecutive errors, or if it took more five minutes to complete the 
task, the task was terminated.
 
Procedure
 The children were individually tested in a silent room in their school by a 
trained examiner between April and June, 2012. The test battery was divided 
into four sessions of approximately 30 minutes a day, so the attention span of the 
child was not strained to the limit of his or her capabilities. The test sessions were 
divided in two parts that involved interaction with the examiner, and two computer 
administered parts. Tasks were provided in a pre-ordered sequence. When a session 
was not completed within 30 minutes, or if the child indicated that he or she did not 
want to continue, an additional session was scheduled.
 Instructions were explained verbally, and the modes of answering were 
receptive, except for those tasks with a verbal output (Rapid naming objects and 
Word- and pseudoword articulation). In all tasks, it was made sure that the child 
could respond by pointing, clicking on a computer mouse, or by tapping with 
a pencil. Children were motivated by the examiner to provide an answer in case 
a child indicated that he or she did not know the correct answer. If necessary, 
instruction was repeated if a child indicated not to understand the test. Feedback 
was only provided during practice trials, except for the nonverbal intelligence 
test, wherein feedback is integrated in the first items of the test. After completion 
of a test, the child was allowed to put a sticker on their personal sticker 
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certificate, and after completion of the test battery, the sticker certificate was handed 
over to the child. 
 
Data Analysis
Since some of the variables were not-normally distributed within one of the 
groups, it was chosen to perform a linear transformation procedure (Tukey’s ladder 
of transformation) for the correction of positively or negatively skewed variables. 
It was chosen to use the least strong transformation option that yielded a normally 
distributed variable.  In both groups, the variable word decoding was transformed by 
using a natural logarithmic transformation. In the group of children with ID, rhythm 
and pseudoword articulation were transformed by using a square root and natural 
logarithmic transformation respectively. Auditory discrimination was transformed by 
squaring the variable, since this variable was negatively skewed.
However, since auditory discrimination yielded a floor effect in children 
with NLA, it was not possible to transform this variable into a normal distribution. 
Furthermore, vocabulary was not transformed into a normally distributed variable. 
A closer look at the scores indicated that there was an absence of scores in a specific 
range, which resulted in a not-normally distributed variable. Finally, scores of the 
executive functioning task were dichotomized, since the outcome of this task was 
either ‘able to inhibit’(1) or ‘unable to inhibit’ (0). This dichotomization led to the 
absence of this variable in the regression analysis in children with NLA, since all 
children in this group were able to perform this task correctly.
 
Results
The descriptive statistics, together with the results of t-tests and effect sizes 
are shown in Table 1. To investigate the first research question on the differences 
between the group of children with NLA and children with ID, we conducted several 
independent samples t-tests. Levene’s test was checked for the interpretation of results 
to deal with possible inequality of variances. On all tasks, the group of children with 
NLA outperformed the group of children with ID with large effect sizes, except on 
word decoding.
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In order to answer the second research question, we first calculated correlations 
between the possible predictors of early literacy in children with NLA and in children 
with ID (see Table 2).  In the ID group, many tasks correlated (highly) significantly 
with each other: all predictors correlated with letter knowledge and phonological 
awareness, except for the predictors of word- and pseudoword articulation. In the 
NLA group, far less relationships between the predictors were found, although word 
decoding correlated significantly with several predictors such as letter knowledge 
and phonological awareness, rhythm, rapid naming, vocabulary, and word- and 
pseudoword articulation. Correlations with executive functioning in the NLA group 
were not executed, due to a ceiling effect that occurred in NLA children on this task.
We next performed three multiple regression analyses, wherein word decoding, 
letter knowledge, and phonological awareness served as dependent variables, being 
operationalized as the three levels of early literacy skills of interest for investigation. 
As group sizes were small, we were forced to analyze each group separately, in order 
to keep sufficient power. All predictor variables were centered before entering in the 
regression analyses, in order to cope with multicollinearity in the data (Field, 2005).
In step 1 age and nonverbal intelligence were included by using the enter 
method to control for the age differences within each group, and for the fact that 
nonverbal intelligence was related to all other variables to a certain degree. In step 2 all 
cognitive predictors were included (i.e., rhythm, executive functioning, and auditory 
short-term memory) and in step 3, all linguistic predictors were included (i.e., auditory 
discrimination, rapid naming, letter knowledge, phonological awareness, vocabulary, 
articulation words, and articulation pseudowords) using a stepwise method. Stepwise 
regression is helpful in the identification of important predictors if a lot of candidate 
predictors in the model are involved of which is not clear how they will affect the 
model (Dugard, Todman, & Staines, 2010). 
Word decoding was the first dependent variable entered into the regression 
analysis. After word decoding, letter knowledge served as dependent variable, and the 
predictor letter knowledge was deleted from step 3. Finally, phonological awareness 
served as dependent variable, and the predictor phonological awareness was deleted 
from step 3.
For predicting word decoding in children with NLA, the final model in the 
regression analysis evidenced three predictors to explain a total of 75.6% of the 
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variance in word decoding (F(4, 19) = 18.82, p < .001). It was found that nonverbal 
intelligence (β = .380, p = .002), letter knowledge (β = .451, p = .003), and phonological 
awareness (β = .355, p = .013) significantly predicted word decoding in children with 
NLA. In children with ID, the final model evidenced only one predictor, namely 
nonverbal intelligence, to explain a total of 32.8% of the variance in word decoding 
(F(2, 14) = 4.91, p = .024; β = .538, p = .021) in this group.  Letter knowledge almost 
reached significance as predictor of word decoding  (β = .613, p = .052).
For letter knowledge in children with NLA, the final model showed one 
predictor to explain a total of 28.5% of the variance in letter knowledge (F(3, 20) = 
4.06, p = .021), being phonological awareness (β = .570, p = .005). For children with 
ID, the final model for predicting letter knowledge showed two significant predictors 
to explain a total of 64.5% of the variance (F (3, 13) = 10.68, p = .001). Nonverbal 
intelligence and rhythm significantly predicted letter knowledge (β = .476, p = .009, 
and β = .418, p = .039, respectively). 
Finally, predictors of phonological awareness were investigated in both groups 
of children. In children with NLA, the final model evidenced only one predictor 
to explain a total of 23.5% of the variance in phonological awareness (F(3, 20) = 
3.36, p = .039) being vocabulary (β = .535, p = .009). For children with ID, the 
final significant model explained 58.4% of the variance in phonological awareness 
(F (3, 13) = 8.48, p = .002). Nonverbal intelligence significantly predicted phonological 
awareness skills in children with ID (β = .470, p = .015). Furthermore, rhythm also 
significantly predicted phonological awareness skills (β = .476, p = .031). The final 
models predicting the three early literacy skills for the two groups of children are 
summarized in Table 3.
 
Discussion
The present study investigated linguistic and cognitive predictors of early 
literacy skills (word decoding, letter knowledge and phonological awareness) in 
children with ID and NLA. First, it was investigated which linguistic and cognitive 
skills children with ID differed from second grade kindergarten children with NLA 
who were in the partial alphabetic phase of reading (Ehri, 2005). Moreover, it was 
investigated which predictors contributed to the three early literacy skills in the two 
groups of children respectively. 
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Note: * p < .05, ** p <.01, *** p < .001, † p = .052 
DV Group Predictor B B(SE) β
Word Decoding
NLA Age -.013 .029 -.049
Nonverbal intelligence .074 .021 .380**
Letter Knowledge .081 .024 .451**
Phonological awareness .045 .016 .355*
R2adj = .756***
ID Age .023 .017 .274
Nonverbal intelligence .082 .032 .538*
Letter Knowledge .613†
R2adj = .328*
Letter Knowledge
NLA Age .163 .270 .107
Nonverbal intelligence .096 .197 .089
Phonological Awareness .397 .127 .570**
R2adj = .285*
ID Age .215 .162 .235
Nonverbal intelligence .811 .265 .476**
Rhythm 1.589 .691 .418*
R2adj = .645***
Phonological Awareness
NLA Age -.085 .407 -.039
Nonverbal intelligence .297 .285 .191
Vocabulary .347 .121 .535**
R2adj = .235*
ID Age .090 .157 .110
Nonverbal intelligence .718 .257 .470**
Rhythm 1.620 .669 .476*
R2adj = .584**
Table 3
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The first research hypothesis was confirmed; we found lower scores in 
children with ID on all linguistic measurements such as RAN, vocabulary, and speech 
production, as well as on the early literacy skills letter knowledge and phonological 
awareness (Verucci et al., 2006), compared to children with NLA. Lower scores 
were also found in children with ID on all cognitive measurements such as executive 
functioning, phonological memory, and rhythm (Bergeron & Floyd, 2006), which can 
be explained by the general cognitive delay overall in children with ID (Katz, 2008). 
The other way around, low early literacy skills can also eventually lead to delays in 
the cognitive development of children (Schuchardt, Maehler, & Hasselhorn, 2011). 
Only word decoding skills did not differ between the groups. Although both groups 
of children acquired a certain level of literacy skills - being in the partial alphabetic 
phase of reading -, applying the grapheme-to-phoneme connections in order to decode 
words still proved to be relatively hard, even for children with NLA (Ehri, 2005). 
The second research hypothesis stated that early literacy skills in children 
with NLA would be predicted by the main predictors mentioned by The National 
Early Literacy Panel (2008) (being phonological awareness, letter knowledge, RAN, 
and phonological memory). In children with NLA, this hypothesis was generally 
confirmed. It was shown that word decoding skills were predicted by letter knowledge 
and phonological awareness. Letter knowledge was predicted by phonological 
awareness only (cf. Hammill, 2004; Melby-Lervag et al., 2012; National Early 
Literacy Panel, 2008). Phonological awareness was predicted by vocabulary, which 
is in line with the lexical restructuring hypothesis, stating that vocabulary benefits the 
development of phonological skills (Dickinson et al., 2003). These results showed 
a regular pathway of early literacy acquisition in children with NLA. Rapid naming 
and memory-related predictors did not prove to be related to this regular pathway. 
As is stated in Melby-Lervag et al. (2012), phonological and verbal memory related 
representations make use of comparable processing abilities. Since phonological 
skills are of such importance in the present study, it appears that the role of memory 
in literacy learning diminishes. For the absence of the predictor rapid naming, 
a comparable explanation can be provided. Rapid naming relies on both phonological 
skills and memory. Since the effect of phonological awareness strongly determined 
the outcome of early literacy in the present study, rapid naming skills did not add up 
to any more explained variance in literacy skills in children with NLA. Phonological 
awareness and letter knowledge proved to be of major importance in the acquisition 
of early literacy skills for children who are still in the partial alphabetic phase of 
reading. Although Dutch is a transparent language, wherein the processing of 
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phonological awareness is less important than for more non-transparent languages in 
the acquisition of reading (Ziegler & Goswami, 2005), phonological awareness still 
proved to be the most important skill for literacy learning for children with NLA in 
the present study.  
In children with ID, word decoding was significantly predicted by nonverbal 
intelligence. Furthermore, letter knowledge nearly significantly predicted word 
decoding (p = .052).  Due to its large β-value (β = .613), it is reasonable to assume 
that letter knowledge also plays an important role in predicting word decoding 
skills in children with ID. Both letter knowledge and phonological awareness were 
predicted by nonverbal intelligence and rhythm, which showed the importance of 
those two cognitive skills in early literacy learning.  Rhythmic ability and reading 
development have been related to one another in children with NLA (David et al., 
2007), but this relationship has never been investigated in children with ID. In the 
present study however, children with NLA did not seem to rely on rhythmic ability 
during the decoding process, whereas children with ID did seem to make use of 
their rhythmic abilities on lower levels of early literacy skills, namely in letter-name 
knowledge and phonological awareness. The role of rhythm can be explained by 
encountering this variable as a means of executive control and sequential memory 
capacity. It is necessary to hold the sounds of letters in the working memory and 
in the correct sequence in order to correctly process the sound structures involved 
in phonological awareness. Rhythm processing will help children in the early stage 
of literacy learning to process written language, since the sequential order of letter 
processing can be tailored by the child by using its rhythmic processing abilities. 
These findings show that children with ID and NLA partly overlap in their early 
literacy characteristics, at least on their word decoding skills, a finding comparable 
to results of Wise et al.  (2010). Furthermore, it is reasonable to assume that letter 
knowledge is important in word decoding in children with ID as well, since this 
predictor nearly reached significance.  Bearing in mind the small group of children 
and the known importance of letter knowledge, children with ID who are trying to 
decode tend to rely on this predictor as well.
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Children with ID lag behind in their early literacy skills compared to children 
with NLA. In the present study, it was found that on lower levels of early literacy, 
other predictors of early literacy used by children with NLA were involved, namely 
nonverbal intelligence and rhythm. The given that nonverbal intelligence is an 
additional predictor of early literacy skills in children with ID, whereas for example 
vocabulary was not, may be explained by the difference in vocabulary level between 
the two groups. Perhaps, lower levels of vocabulary prevented children with ID to 
benefit from the  role of vocabulary on phonological awareness, and vocabulary did 
show to be of importance in the NLA group. Whereas children with NLA already 
could rely on the proper way of learning literacy skills combined with their vocabulary 
knowledge, children with ID could not rely on such a mental lexicon. They are not yet 
able to apply the rules of grapheme-to-phoneme correspondences correctly, which in 
turn could prevent them to create a viable vocabulary. It could be that children with ID 
tend to approach early literacy logographically (i.e., making use of visual word- and 
letter recognition), instead of using grapheme-to-phoneme correspondences, which 
prevents them to get a grasp of word-decoding- and vocabulary skills. By using this 
kind of strategy, children with ID do not utilize phonological skills in processing 
early literacy skills the way children with NLA do.
Contrary to our expectations, other cognitive skills that were measured 
(memory and EF) did not seem to predict the outcome of early literacy skills in 
both groups of children, although significant correlations were found. For example, 
executive functioning was not related to early literacy skills in children with NLA 
due to a strong ceiling effect. Concerning other cognitive predictors, it was thought 
that nonverbal intelligence incorporated other cognitive capacities in one task, thus 
being an important predictor in early literacy skills in children with ID. Apparently, 
in predicting letter knowledge and phonological awareness, nonverbal intelligence 
is pivotal in acquiring early literacy skills in children with ID, even diminishing a 
significant effect of other cognitive predictors, except for rhythm, to occur. The levels 
of nonverbal intelligence seemed to be of great importance in all early literacy skills. 
Within the group of children which were marked as being intellectually disabled, 
variation in intelligence levels still significantly predicted early literacy skills. 
Children with ID, already part of a vulnerable group regarding literacy-learning, may 
thus rely on their nonverbal reasoning skills and rhythm in order to be able to learn to 
apply grapheme-to-phoneme correspondences. 
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It must be noted that children with ID experienced an additional arrear in the 
present study by means of their age; children with ID were on average on and a 
half year older than children with NLA. This general cognitive arrear shows that it 
could be that children with ID end up learning literacy skills only to a certain level, 
and this level could not be sufficient enough to eventually pass on to levels of 
reading comprehension (Jones, Long, & Finlay, 2006).
Although the pattern of predictors for word decoding in children with NLA 
and ID seems quite clear, explained variances in letter knowledge and phonological 
awareness seemed smaller for children with NLA than for children with ID. This 
poses the thought that children with NLA already make use of other factors involved 
in literacy acquisition that lie beyond the scope of early literacy skill learning, and that 
higher-level cognitive and linguistic skills already start to tap onto literacy learning 
in children with NLA. Furthermore, the receptive mode of assessment can influence 
the performance of children, for example because they can or do not answer in their 
mode of preference. This might explain why the variance explained in the models of 
these children were lower than in children with ID. 
There are some limitations in the present study that have to be taken into 
consideration. Children were tested only once on all variables, which prevents 
this research to tap into the development of early literacy skills. Furthermore, both 
groups of children were small. The conclusions of the present study must therefore 
be interpreted with caution.
In future research, larger groups of children need to be followed over multiple 
years following a longitudinal perspective, in order to strengthen the relationships 
between the variables and the reliability of the hypotheses, and for the possibility 
to investigate the development of early literacy skills in children. If word decoding 
can be mastered by children with ID over time (e.g., Loveall & Conners, 2013), 
it will be interesting to see which linguistic and cognitive variables are of importance, 
as well as to investigate whether these variables of importance are comparable to 
children with NLA. Adding up to all variables that are investigated in the present 
research, other variables such as the home literacy environment (Ricci, 2011; Van 
der Schuit, Peeters, Van Balkom, Segers, & Verhoeven, 2009) can shed a broader and 
more detailed light on the predictors of early literacy skills in children. 
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  When extrapolating these results to a clinical perspective, it can be stated that 
children with ID tend to rely on the same predictors of word decoding as children 
with NLA (Wise et al., 2010), but are hampered by their nonverbal intelligence and 
their inability to use their mental lexicon in the other early literacy skills.  Besides, 
rhythmic abilities, or the sequential processing of sounds in the working memory 
system seems to be involved in early literacy skills in children with ID. Although 
conclusions from the present data must be interpreted with care, the roles of nonverbal 
intelligence and rhythm in learning to read in children with ID have to be taken into 
consideration; both in future research and in practice.
If comparable predictors are involved in early literacy acquisition, methods for 
literacy-learning in special education may not need to deviate strongly from regular 
literacy-learning methods.  Although care has to be taken towards findings of our 
results, it can be tentatively advised to provide children with ID with methods on 
learning to read that are adapted (e.g., slower learning rate and more repetition, which 
can also support strengthening sequential memory capacities), but that are comparable 
to methods used in regular primary school. Phonic analysis strategies or instructions, 
wherein repetition of instruction has shown to be potentially beneficial for children 
with ID (Finnegan, 2012; Joseph & Seery, 2004), children will be provided with 
the proper tools to maximally benefit from literacy instruction. In combination with 
training children in their nonverbal reasoning skills, which can help children to 
unravel the grapheme-to-phoneme correspondences, nonverbal reasoning skills will 
benefit children with ID in learning how to correctly apply grapheme-to-phoneme 
correspondences, so they can continue to enter the full alphabetic phase of reading. 
In this perspective, learning the letters is of course of utmost importance as well. This 
way, they will be able to reinforce a proper vocabulary size. Vocabulary can provide 
a basis for further literacy acquisition. Correct and stable application of early literacy 
skills need to be mastered before children with ID can possibly continue to reach the 
next level of literacy acquisition, being reading comprehension.  
To conclude, children with ID lag behind on their early literacy skills compared 
to children with NLA.  Whereas children with NLA showed a regular pathway of 
predicting early literacy skills, these skills were predicted by nonverbal intelligence 
and rhythm in children with ID. This finding can be beneficial for this special group 
of children, and training of these skills can be incorporated in methods of early 
literacy acquisition, providing children with ID supplementary tools in starting to 
learn to read.   
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Abstract
In the present study, we investigated (i) to what extent the early literacy 
skills (phonological awareness, letter knowledge, and word decoding) along with 
cognitive (nonverbal reasoning, attention, phonological short-term memory, 
sequential memory, executive functioning) and linguistic (auditory discrimination, 
rapid naming, articulation, vocabulary) precursor measures of 53 six-year old 
children with intellectual disabilities (ID) differ from a group of 74 peers with 
normal language acquisition (NLA) and (ii) whether the individual variation of 
early literacy skills in the two groups to the same extent can be explained from 
the precursor measures. Results showed that children with ID scored below the 
NLA group on all literacy and precursor measures. Structural equation modeling 
evidenced that in children with NLA early literacy was directly predicted by 
phonological awareness, PSTM and vocabulary, with nonverbal reasoning and 
auditory discrimination also predicting phonological awareness. In children with 
ID, however, the variation in word decoding was predicted by letter knowledge 
and nonverbal reasoning, whereas letter knowledge was predicted by rapid naming, 
which on its turn was predicted by attentional skills. It can be concluded phonological 
awareness plays a differential role in the early literacy skills of children with and 
without ID. As a consequence, the arrears in phonological awareness in children 
with ID might put them on hold in gaining proper access to literacy acquisition. 
 
Keywords: children with ID, early literacy, phonological awareness, word decoding.
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Modeling individual variation in early literacy skills in children with ID
It is a well-established fact that phonological awareness is critical for literacy 
acquisition (Melby-Lervåg, Halaas Lyster, & Hulme, 2012; Verhoeven, van Leeuwe, 
Irausquin, & Segers, 2016). In kindergarten classrooms, children begin to discover 
that sounds can be manipulated (while singing rhyme- and nursery songs), and that 
letters represent sounds (while playing games like searching for words that start 
with a specific letter or sound). Through all these early literacy experiences, children 
become prepared for formal literacy instruction in first grade (Dickinson, McCabe, 
Anastasopoulos, Peisner-Feinberg, & Poe, 2003; Lonigan, Burgess, & Anthony, 
2000). For children with intellectual disabilities (ID), however, only the first steps 
have been made in understanding how and to what extent these children can become 
literate (e.g., Barker, Sevcik, Morris, & Romski, 2013). Whereas both children with 
normal literacy acquisition (NLA) and children with ID are exposed to literacy from 
a young age onwards, it can be assumed that there are differences in the significance 
of precursor measures of literacy skills in both groups. There is an ongoing debate 
on the question to what extent children with ID can become phonologically aware 
and how this impacts the development of their early literacy skills. Therefore, the 
present study investigated to what extent children with mild ID with mixed etiologies 
develop early literacy skills, and how the individual variation related to the complex 
process of learning to read in this group can be explained. 
 
Early Literacy in Children with Normal Language Acquisition
Before children receive formal literacy education, they develop early literacy 
skills such as knowledge of grapheme to phoneme connections and word decoding (see 
Pullen & Justice, 2003; Storch & Whitehurst, 2002). Phonological awareness, rapid 
automatic naming (RAN) and phonological short-term working memory (PSTM) are 
considered to be important predictors of later word decoding skills (e.g., Melby-
Lervåg et al., 2012; Näslund & Schneider, 1996). The lexical restructuring hypothesis 
(Goswami, 2001; Metsala, 1999/2011) claims that oral vocabulary may trigger 
children to develop phonological representations of language, thus strengthening 
their phonological awareness and early literacy skills. Furthermore, at a higher-order 
level, the development of early literacy has shown to be dependent on higher-order 
skills such as sequential memory processing (e.g., rhythm; David, Wade-Woolley, 
Kirby, & Smithrim, 2007), selective attention, and executive functioning (Diamond, 
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2013). As a case in point, Van de Sande, Segers, and Verhoeven (2013) found that 
phonological awareness mediated the relation between executive functioning and 
learning to read in a group of typically developing children from kindergarten to first 
grade. 
 
Early Literacy in Children with Intellectual Disabilities
The aforementioned theoretical framework of the relationship between 
phonological awareness and literacy skills stems from research in children with NLA 
and it can be questioned whether the same framework applies to literacy acquisition in 
children with mild ID (International IQ criterion = 50-70; Boat & Wu, 2015, pp 170-
171; Dutch IQ criterion = 50-85; De Beer, 2011). Research in literacy acquisition in 
children with ID is relatively scarce and findings are not always congruent (Erickson, 
Hanser, Hatch, & Sanders, 2009). There is evidence that children with ID learn to read 
in a similar fashion as children with NLA by using, at least to some extent, explicit 
phonological skills such as phonological awareness and letter knowledge. In a study 
by Wise, Sevcik, Romski, and Morris (2010), it was found that children with ID in 
Grade 2 to 5 relied heavily on phonological processing in identifying both words and 
nonwords. These findings were confirmed by Barker et al. (2013) in a study with 
children with ID in the upper primary grades. They found phonological awareness 
and naming speed to be related to reading abilities, suggesting that children with ID 
use the same phonological processing structures compared to children with NLA. 
In a similar vein, Soltani and Roslan (2013) found both phonological awareness and 
naming speed to be related to word decoding in a group of adolescents with ID, with 
phonological short-term memory supporting decoding abilities by influencing explicit 
phonological awareness skills. Furthermore, research on literacy skills in groups of 
children and adolescents with Down Syndrome (DS) showed that this specific group 
is weak in linguistic processing (for a meta-analytic review, see Næss, Melby-Lervåg, 
Hulme, & Halaas Lyster, 2012). Both phoneme awareness and vocabulary turned out 
to be important for reading in this specific group. Kennedy and Flynn (2003), for 
example, found that in three children with DS aged 7 and 8 years old, the ability 
to get a grasp of phoneme awareness was related to better performances in literacy 
outcomes.
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The studies above show that children with ID are lagging behind in literacy 
development, yet they may ultimately become phonologically aware and may have 
the possibility to unravel the orthographic code. An important question is then 
to what extent children with ID are capable of developing early literacy skills at 
kindergarten level and first grade and how the individual variation in early literacy 
in this heterogeneous group can be explained. Van Tilborg, Segers, van Balkom, and 
Verhoeven (2014) found that children with ID who possessed some letter knowledge 
skills, still had lower levels of early literacy skills as compared to their kindergarten 
peers with NLA. Within a group of children being marked as having an ID, variation 
in nonverbal reasoning levels in the sample of this study still significantly predicted 
early literacy skills, which especially applied to learning grapheme-to-phoneme 
correspondence rules. Nonverbal reasoning thus seemed to play an important role in 
the emergence of early literacy skills in children with ID, which is in support of Levy 
(2011), claiming that word decoding is a task that primarily relies on general cognitive 
resources that are often distorted in children with ID. Also, Catts, Fey, Tomblin, 
and Zhang (2002) found in their longitudinal study that nonverbal reasoning was a 
related to differences in reading outcome in both groups of children with NLA and 
children with ID. This implies that visual-spatial and analytical skills that are tapped 
with nonverbal reasoning skills are involved in learning to read. In all, nonverbal 
reasoning can be seen as a cognitive predictor influencing literacy acquisition in both 
groups of children.
Furthermore, it has been found that phonological awareness and PSTM 
processes can affect early literacy acquisition in children with ID (Dahlin, 2011; 
Schuchardt, Maehler, & Hasselhorn, 2011). Moreover, abilities related to attention, 
working memory, and executive functioning also have found to be related to the 
development of early literacy in children with ID (Costanzo, Varuzza, Menghini, 
Addona, Gianesini, & Vicari, 2013; Danielson, Henry, Messer, & Rönnberg, 2012). 
In the field of research on literacy acquisition in children with ID, a comprehensive, 
comparative account on the cognitive and linguistic precursors of early literacy 
development in children with ID so far is generally lacking. No attempt has been 
made to relate precursor measures and early literacy measures at kindergarten level 
in children with ID as compared to NLA children. Whereas both groups of children 
are exposed to literacy over a same amount of time during their lives, there are 
differences in various literacy-related precursors. Investigating literacy acquisition in 
both groups within one research design can give further insight into the underlying 
processes at the start of literacy acquisition.
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The Present Study
Consequently, in the present study, a model was explored in which the early 
development of literacy was predicted by a set of basic precursors of literacy which 
are known to play a role in literacy acquisition in children with NLA. In addition, 
we measured this set of precursors of literacy in a group of children with ID, in order 
to be able to compare the individual variation in early reading skills over the two 
groups. In this model, it was presumed that the development of letter knowledge and 
word decoding can be explained from literacy-related predictors like phonological 
awareness, rapid naming and PSTM, and that the development of early literacy 
including its predictor measures could be explained by both cognitive (nonverbal 
reasoning, attention, sequential memory, executive functioning) and linguistic 
(auditory discrimination, RAN, articulation, vocabulary) precursor measures. 
We selected children from comparable (kindergarten) age groups. This way, we were 
able to detect differences in precursors measures and literacy processes between 
the two groups without being influenced by the amount of literacy exposure. 
By incorporating two groups within one research design, the following questions 
were posited to further clarify the process of literacy acquisition in children with ID:
1) To what extent do kindergarten children with NLA and ID differ on  
 early literacy skills and precursor measures? 
2) How can the individual variation of early literacy development in the  
 two groups be explained from the precursor measures?  
With regard to the first research question, it was expected that children with 
ID would perform weaker on literacy measures, literacy predictor- and precursor 
measures compared to children with NLA. With regard to the second research question, 
it was expected that in both groups the variation in early literacy development could 
be explained by the children’s levels of predictor and precursor measures. 
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Method
Participants
Children with ID were recruited from 19 schools for special education, 
located in the middle and southern part of the Netherlands. In order to attend special 
education for children with ID in the Netherlands, the children need to have a medical 
indication (classification) for ID, and their IQ level can be tested in various ways. 
In the present study, a group of 53 children with ID (38 boys, 15 girls; Mage = 75.26 
months, age range between 65 – 83 months) participated. The selection criteria for 
the children with ID were as follows: age between 5;6 and 6;6 years, an IQ level 
between 50 and 75, Dutch as native language, and no additional visual, hearing-, or 
motor impairment that would interfere with the test assessment. Not all IQ scores or 
diagnosis of the children were known or available. In total, the IQ of 29 children was 
known (IQ range 50 – 71, MIQ = 58.3, SD = 6.3). Most children with ID in the study 
were generally classified as intellectually disabled with unknown or non-specified 
etiology (n = 37). The other  children with ID were diagnosed with Down Syndrome 
(n = 4), and/or were multiple disabled because of one or more accompanying 
conditions as for instance autism or ADHD (n = 11), or mild physical  disorders 
(n = 4), metabolic disease (n = 1) or chronic illness (n = 1).
Furthermore, the study included children with NLA from four regular 
primary schools. Three schools were situated in small villages in the east of the 
Netherlands, and one school in a larger city in the west of the Netherlands. In total, 
a group of 74 children with NLA (33 boys, 41 girls; Mage = 69.58 months, age range 
between 63 – 78 months) participated, all attending the second year of kindergarten. 
Kindergarten is a two-year program in the Netherlands in which attention is being 
given to emergent literacy development, prior to formal reading education in Grade 
1. None of these children had visual- or hearing impairments, and the native language 
of the children was Dutch. 
The two groups of children differed on nonverbal reasoning, t(125) = 12.06, 
p < .001, d = 2.19. Furthermore, although all children were selected between 5;6 and 
6;6 years of age, children with ID were 5.8 months older than children with NLA, 
t(125) = 7.72, p < .001, d = 1.40. On average, the schools from the children with 
NLA were in regions of average social-economic status (SCP, 2014). For the schools 
of children with ID, no such score was calculated, since children in these schools 
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often reside further away from their school, and are brought to school by taxi buses. 
Parents of all children that participated in the present study provided active consent 
for the participation of their child. All test moments were scheduled in consultation 
with schools, teachers, and parents.
 
Materials
Word decoding. Word decoding was assessed with a shortened and adapted 
version of the Leerling- en Onderwijs Volgsysteem Technisch lezen groep 3 [Student- 
and Educational Tracking system Technical reading class 3] (Jongen, Krom, 
& Roumans, 2009). In this task, children saw a picture and five words next to it. 
The child was asked to point at the word that matched the picture. Words increased 
in difficulty, starting with simple CVC words and ending with multisyllabic words. 
A total of 40 items were presented, and one point was given per correct answer. The 
task was terminated after 5 minutes, or if the child made four consecutive errors. 
Reliability calculated for the task was high (Cronbach’s α = .90). 
Letter knowledge. Receptive letter knowledge was assessed with the 
Screeningsinstrument Beginnende Geletterdheid (Diagnostic Instrument for 
Emerging Literacy; Vloedgraven, Keuning, & Verhoeven, 2009). With each item, 
four graphemes or digraphs were presented on the computer screen, and the child 
had to point to the grapheme/digraph that was provided by the computer voice. 
Low-frequency letters in the Dutch language (the letters [c], [x], [q], and [y]) were 
not included. Frequent Dutch digraphs (e.g. [aa], [oe], [uu]) were added to the task. 
A total of five practice items and 34 critical items were presented to the child. High 
reliability of the receptive letter knowledge task was found (Cronbach’s α = .93).
Phonological awareness. Phonological awareness was also assessed with 
the Screeningsinstrument Beginnende Geletterdheid (Diagnostic Instrument for 
Emerging Literacy; Vloedgraven et al., 2009). In this computer task, four subtests of 
phonological awareness were assessed: rhyme, phoneme identification, segmentation, 
and deletion. Each subtest entailed 15 critical items and two practice items. At each 
item, across the subtests, the child saw three pictures and was presented with an 
auditory stimulus, provided by a computer voice. In the rhyme task, the child had to 
point to the picture that rhymed with the stimulus. In the phoneme identification task, 
the child had to point to the picture that started with the same phoneme as the word 
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that was produced by the auditory stimulus. In the phoneme segmentation task, the 
phonemes of a word were pronounced one-by-one, and the child had to point to the 
picture that matched with the word. In the phoneme deletion task, the child had to 
delete a given phoneme from a presented word, and had to point to the picture that 
matched the new word (e.g., druif [grape], minus /r/ makes duif [dove], and the child 
had to point to the picture of a dove). For each measure of phonological awareness, 
a z-score was calculated. The four z-scores were then added to create the variable 
phonological awareness which was used for further analyses. The reliability of all 
tasks combined was high (Cronbach’s α = .91). 
Rapid naming objects. The rapid naming objects subtest from the Ernstige 
Spraak-taal Moeilijkheden toets [Specific Language Impairment test] by Verhoeven 
(2005) was used to assess rapid automatic processing. An A4-sized card with five 
common objects ([duck], [glasses], [shoe], [comb], and [house]) was presented to the 
child. A total of 120 items were randomly provided, divided over 4 rows of 30 items. 
The child was asked to call out the objects as fast and accurately as possible within 
60 seconds. Good internal consistency was found (Cronbach’s α = .86).
Phonological short-term memory (PSTM). PSTM was measured via a 
serial word-recognition task, which was adapted to assess children who were not 
able to speak, by making use of a hand doll (cf. Peeters, 2008). The experimenter 
sat in front of the child, holding a kumquats hand puppet (www.handpop.nl) in one 
hand. The experimenter spoke out a string of words, and after a pause of 2 seconds, 
the hand puppet copied the string of words, either correctly or incorrectly (meaning 
that one word was incorrectly repeated, e.g., raam [window] – zon [sun] vs. mes 
[knife] – zon [sun]). The child was asked whether the hand puppet copied the string 
of words correctly or incorrectly. If the hand puppet correctly repeated the word-
string of the experimenter, the child had to point at a happy smiley, and if the hand 
puppet incorrectly repeated the word-string, the child had to point to a sad smiley. 
The word-strings were divided in eight sets of six items, and the length of word 
strings increased after each set (from one word in the first set to eight words in the 
final set). If the child made three or more errors within one set, the set was finished 
and the task was terminated. The reliability of the task was high (Cronbach’s α = .97).
Word span. The subtest Geheugentest: woorden [Memory test: words] from 
Ernstige Spraak-taal Moeilijkheden toets [Specific Language Impairment test] by 
Verhoeven (2005) was used to measure word span, a short-term memory span task. 
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In this task, children were asked to repeat a spoken string of words in the exact same 
order, ranging from two to eight words per string. The first set comprised two strings 
of two words. In each next set, the word string increased with one additional word, 
with a maximum of eight words. If the child made an error on both word strings in 
one set, the task was terminated. Good reliability was found (Cronbach’s α = .71).
Vocabulary. A computerized Dutch version of the Peabody Picture 
Vocabulary test III (Dunn & Dunn, 1997) was used to measure receptive vocabulary. 
During this task, the child sat in front of a computer screen and had to point to one 
out of four pictures that corresponded to a word provided by a computer voice. 
There were 17 sets of 12 items within each set, and if a child made nine or more errors 
within one set, the task was terminated. Raw scores were used for analysis, since 
norm scores did not account for the children with ID. Internal consistency of this test 
was between Lambda-2 = .92 and .95. 
Nonverbal reasoning. The level of nonverbal reasoning was measured by 
using the Raven Coloured Progressive Matrices (Raven, 1956). The task comprised 
36 items, subdivided in three sets of 12 items, increasing in difficulty within each 
set. The child was presented to a figure with a missing piece, and was asked by the 
experimenter to point at one piece out of six presented below the figure, that correctly 
completed the incomplete figure. Good reliability for this task is found (Cronbach’s 
α = .82).
Auditory discrimination. To measure auditory perception, the auditory 
discrimination task developed by Peeters, Verhoeven, Van Balkom and De Moor 
(2008) was used. Two pictures representing monosyllabic words, differing minimally 
on one phoneme (difference in the first- or last consonant of the word, or difference 
in the vowel), were orally and visually presented to the child. The experimenter then 
pronounced one word that matched with one of the two pictures, and the child had to 
point to the correct picture. The task consisted of three practice items and 20 critical 
items. The reliability of the task was good (Cronbach’s α = .76).
Word and pseudoword articulation. Both word and pseudoword articulation 
were measured with the standardized Word Articulation subtest from the Ernstige 
Spraak-taal Moeilijkheden toets [Specific Language Impairment test] (Verhoeven, 
2005). In the word articulation task, the child was asked to repeat a word that was 
provided by a computer voice. The task started with simple monosyllabic words, and 
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increased in difficulty (e.g., CCCVC words, multisyllabic words). The pseudoword 
articulation task comprised syntactically correct Dutch pseudowords, increasing in 
difficulty comparable to the word articulation task. Both tasks entailed two practice 
items and 40 critical items. If a child made five consecutive articulation errors, the 
task was terminated. The reliability of both tasks was high (Cronbach’s α > .95 ). 
Selective attention. The subtest Attention sustained from the Leiter 
International Performance Scale – Revised (Roid & Miller, 1997) was used to 
measure selective attention. This pencil and paper cross-out task suited the present 
research sample, since the task could be administered almost completely non-
verbally. The child was presented with a card with strings of various drawings (e.g., 
flowers, butterflies, stars, and snails), and on top of the card, a critical drawing (e.g., a 
flower) was presented that the child needed to search for. The child was asked to cross 
out all critical items that were scattered between other distractor drawings, within a 
time span of 30 seconds for the first three cards and 60 seconds for the final card. 
In total, four cards were presented to the child, increasing in difficulty (more difficult 
to distinguish between items and items presented in different angles). The reliability 
of the subtest for attention ranged from  α = . 65 - .87.
Sequential memory. Sequential memory was assessed using the Ritme test 
[Rhythm test] by Van Uden (1983). The task assesses rhythm reproduction, both from 
copying a rhythm pattern presented by the examiner and from copying a rhythm 
pattern from memory. The child was given a pencil and was asked to tap a rhythm 
pattern that was presented by the examiner. If the child was able to copy the rhythm 
partly (meaning that the amount of taps was correct, but the exact rhythm of the taps 
was not correct) or completely correct, it was asked to copy the same rhythm pattern 
again for five consecutive times from memory. If a child failed to (partly) copy the 
rhythm pattern of the experimenter twice in a row, the task was terminated. Z-scores 
of both parts of the rhythm task (copying a rhythm pattern from the experimenter and 
copying a rhythm pattern from memory) were added to create the variable sequential 
memory. Excellent reliability was found (Cronbach’s α = .99).
Executive functioning; Inhibition. The Grass/Snow task and the Day/Night 
task were assessed to measure inhibitory executive functioning skills. These complex 
response tasks focus on the inhibition capacities of the child. In the Grass/Snow task 
(Carlson & Moses, 2001), children were presented with a white and a green card. The 
experimenter asked the child to point at the card whose colour matched with grass or 
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snow. Then, the child was told that a strange game was played, and that the child had 
to point to the white card if grass was called out, and that the child had to point to the 
green card if snow was called out. After the child was able to at least once point to the 
correct card after grass and snow was called out, 16 critical trials were presented in a 
pseudorandom order and accuracy was scored. The first initial choice of the child was 
always scored, meaning that self-correction still was scored as incorrect. 
For the Day/Night task (Gerstadt, Hong, & Diamond, 1994), comparable 
instructions were provided. In this task, the child saw two opposite pictures next to 
each other (being day-night, big-small, boy-girl, and above-below) and was asked 
to point at the opposite picture of the one that was called out by the experimenter. 
Z-scores of the Grass/Snow task and the Day/Night task were added to create the 
variable Executive Functioning. Reliability of both tasks combined appeared to be 
high (Cronbach’s α = .95)
 
Procedure
All children were tested individually in a silent room at their school by a 
trained experimenter, between March and November. To enhance the intrinsic 
motivation, children were invited to be involved as partner in educational games 
with the experimenter. It was chosen to start with tasks wherein interaction with the 
child was involved, in order to make the child comfortable with the experimenter 
and with the set-up of the test setting. For practical reasons, it was chosen not to 
switch between computer tasks and pencil-and-paper tasks, and so the tests were 
assessed in a fixed order in four blocks of 30 minutes. Each block was administered 
on different days, with a maximum of two blocks on one day with at least a one hour 
break between them. This restriction was incorporated in the procedure to prevent a 
lack of concentration or extreme disturbance of daily routines during the assessment 
of the children. Instructions were given verbally and in advance of each task: practice 
items were presented with feedback in order to improve understanding of the task. 
Except for rapid naming of objects, word span and articulation, which had expressive 
modes of output, all tasks were answered receptively by pointing at pictures or words 
presented to the child. We chose to incorporate receptive test assessment in our study, 
to offer children who were not yet able to speak the possibility to provide an answer. 
If a child was not able to use a computer mouse, the child was asked to point to the 
answer at the computer screen, and the experimenter then clicked on the provided 
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answer. After completing a task, the child was rewarded with a sticker on a certificate, 
and after completion of all tests, the certificate was given to the child.
 
Data Analysis
For answering the research questions, descriptive statistics and independent 
samples t-tests (with Bonferroni correction), as well as correlations for both groups 
between all variables were calculated. Both groups of participants were relatively 
small compared to the large amount of variables measured. In view of that, several 
adaptations were made to reduce the amount of variables involved in the SEM 
analyses. For both the PSTM and the word span task, z-scores were generated for 
creating a variable called “memory”. Since some students missed a test session or did 
not want to cooperate in a few tasks, multiple imputation was used wherein repeated 
simulations of datasets were created based upon parameter estimates from the initial 
measurements, in order to preserve cases with small numbers of missing values 
(Howell, 2008). The average score of the 5 imputed scores replaced each missing 
data point and was used for further analysis. Multiple imputation can be used in large 
sample sizes when the missing rate is low (Dong & Peng, 2013; Schafer, 1997).
To calculate the models of individual variation, LISREL (http://www.ssicentral.
com) was used to analyze the data. SIMPLIS analyses were used for modeling the 
individual variation in early literacy skills in both groups of children. First, the 
model for children with NLA was calculated based upon theoretical presuppositions 
towards the relationships between the variables. The tested model was based upon 
a theoretical framework for children with NLA, wherein phonological awareness 
and letter knowledge predicted word decoding, and phonological awareness, rapid 
naming and memory were seen as predictors of letter knowledge. Then, it was 
presupposed by theory which of the predictor variables was related to those three 
constructs, and tested whether these variables fit the model. Significant relations 
were simultaneously incorporated to the final model. The goodness of fit statistics 
of the analyses that were taken into account were χ², Root Means Square Error of 
Approximation (RMSEA), Comparative Fit Index (CFI), and Goodness of Fit index 
(GFI). A strong fit was reckoned if the χ² was non-significant (p > .05), RMSEA was 
< .08 for acceptable fit and <.06 for strong fit. CFI and GFI were supposed to be 
strong if they both were > .90.
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Results
Descriptive statistics, independent samples t-test results and effect sizes of 
the raw data are shown in Table 1. A Bonferroni correction, with α =.05 divided by 
14 (total number of variables), revealed that all p-values were below this corrected 
score (all p’s < .004). Children with ID scored lower than children with NLA on all 
variables, with large effect sizes.  
 
Table 1
Modeling individual variation in early literacy skills in children with ID
Descriptive Statistics, Group Differences and Effect Sizes between Children with ID (n = 53)  
and Children with NLA (n = 74) 
 
Note: All p’s < .001; WD = Word Decoding, LK = Letter Knowledge, PA = Phonological Awareness,  
RAN = Rapid Naming, PSTM = Phonological Short-term Memory, VOCA = Vocabulary, NvIQ = Nonverbal 
Reasoning,  AD = Auditory Discrimination, Arti W = Articulation Words, Arti PW = Articulation Pseudowords,  
Att. = Selective Attention, Seq. Mem = Sequential Memory, EF = Executive Functioning. 
ID NLA
Variable Range M SD Range M SD t d
WD 0 – 28 3.02 5.49 0 – 18 7.30 4.39 4.88 .88
LK 5 – 33 15.15 7.54 8 – 34 24.85 6.91 7.51 1.36
PA 17 – 46 24.34 5.49 25 – 58 42.28 7.28 15.84 2.74
RAN 0 – 55 22.25 12.74 14 – 63 38.41 8.80 7.97 1.53
PSTM 1 – 27 10.60 7.25 3 – 46 30.78 7.24 15.48 2.81
WS 0 – 5 2.68 1.36 3 – 10 4.74 1.39 8.35 1.51
VOCA 15 – 77 50.11 12.86 59 – 120 83.74 10.99 15.83 2.87
NvIQ 6 – 25 13.55 3.81 13 – 31 22.03 3.98 12.06 2.19
AD 9 – 20 15.64 3.04 15 – 20 18.77 1.15 7.14 1.47
Arti W 0 – 35 16.62 10.07 20 – 40 35.05 4.14 12.59 2.57
Arti PW 0 – 25 5.38 5.96 3 - 35 20.97 7.90 12.69 2.20
Att. 0 – 57 22.79 14.94 23 – 67 53.16 9.35 13.08 2.55
Seq. Mem 0 – 64 10.55 12.66 0 – 184 44.69 46.00 6.08 .95
EF 4 – 46 22.70 9.28 21 – 48 41.43 5.22 13.27 2.62
525088-L-bw-Gerards
Processed on: 9-10-2018 PDF page: 66
66
Chapter 3
C
or
re
la
tio
ns
 B
et
w
ee
n 
th
e 
Pr
ed
ic
to
r M
ea
su
re
s i
n 
C
hi
ld
re
n 
w
ith
 ID
 (b
el
ow
 d
ia
go
na
l, 
N
 =
 5
3)
 a
nd
 C
hi
ld
re
n 
w
ith
 N
LA
  
(a
bo
ve
 d
ia
go
na
l, 
N
 =
 7
4)
 
  N
ot
e:
 *
 p
 <
 .0
5,
 *
* 
p 
<
 .0
1.
 †
 p
 <
 .0
7;
 W
D
= 
W
or
d 
D
ec
od
in
g,
 L
K
= 
Le
tte
r K
no
w
le
dg
e,
 P
A
= 
Ph
on
ol
og
ic
al
 A
w
ar
en
es
s, 
 
R
A
N
= 
R
ap
id
 N
am
in
g,
 P
ho
n.
 S
TM
= 
Ph
on
ol
og
ic
al
 S
ho
rt-
te
rm
 M
em
or
y,
 V
O
C
A
= 
Vo
ca
bu
la
ry
, N
vI
Q
= 
N
on
ve
rb
al
 R
ea
so
ni
ng
,  
A
D
= 
A
ud
ito
ry
 D
is
cr
im
in
at
io
n,
 A
rti
. W
= 
A
rti
cu
la
tio
n 
W
or
ds
, A
rti
. P
W
= 
A
rti
cu
la
tio
n 
Ps
eu
do
w
or
ds
, A
tt.
= 
Se
le
ct
iv
e A
tte
nt
io
n,
  
Se
q.
 M
em
= 
Se
qu
en
tia
l M
em
or
y,
 E
F=
 E
xe
cu
tiv
e 
Fu
nc
tio
ni
ng
. 
1
2
3
4
5
6
7
8
9
10
11
12
13
1.
W
D
--
-
.7
2*
*
.5
9*
*
.1
6
.2
6*
.3
5*
*
.0
4
.0
0
.0
6
.0
9
.0
6
.3
5*
*
.2
1
2.
LK
.6
6*
*
--
-
.5
5*
*
.0
5
.3
3*
*
.3
9*
*
.1
7
-.0
8
.2
0
.1
5
.0
8
.4
1*
*
.2
7*
3.
PA
.2
0
.3
9*
*
--
-
.2
0
.2
7*
.3
7*
*
.1
9
.1
8
.1
5
.1
9
.1
8
.3
2*
*
.2
5*
4.
R
A
N
.2
3
.4
4*
*
.2
9*
--
-
.1
9
.0
8
.0
7
-.0
5
.1
6
.0
1
.3
7*
*
.1
7
.1
3
5.
Ph
on
. S
TM
.0
9
.3
1*
.3
3*
.4
0*
*
--
-
.1
7
.2
3*
-.1
0
.2
0
.1
3
.0
6
.3
7*
*
.1
1
6.
 V
O
C
A
.2
5†
.3
4*
.3
0*
.5
0*
*
.4
2*
*
--
-
.2
4*
.1
5
.1
6
.2
2†
.1
8
.1
3
.1
9
7.
N
vI
Q
.4
2*
*
.4
3*
*
.3
7*
*
.4
3*
*
.5
2*
*
.4
5*
*
--
-
-.0
9
.0
7
.1
5
.4
6*
*
.2
0
.1
3
8.
A
D
.3
2*
.4
3*
*
.3
7*
*
.2
5†
.4
9*
*
.4
8*
*
.4
9*
*
--
-
.3
0*
*
.2
7*
.1
1
-.1
7
.1
8
9.
A
rti
. W
.0
6
.1
6
.2
4
.4
1*
*
.6
6*
*
.5
0*
*
.5
8*
*
.4
6*
*
--
-
.5
4*
*
.2
6*
.0
5
.3
4*
*
10
.A
rti
. P
W
.0
3
.0
8
.1
7
.3
1*
.4
3*
*
.2
7*
.4
6*
*
.2
9*
.8
1*
*
--
-
.2
0
.0
5
.2
2†
11
.A
tt.
.3
0*
.3
2*
.2
9*
.5
1*
*
.4
5*
*
.6
2*
*
.6
6*
*
.4
5*
*
.5
4*
*
.4
8*
*
--
-
.2
2†
.2
2†
12
.S
eq
. M
em
.
.0
9
.3
0*
.1
8
.2
8*
.5
7*
*
.3
4*
.3
8*
*
.2
3
.3
6*
*
.3
0*
.3
6*
*
--
-
.2
8*
13
.E
F
.0
8
.2
4
.3
0*
.2
0
.3
2*
.2
9*
.2
4
.2
4
.2
7*
.3
2*
.4
0*
*
.3
6*
*
--
-
Ta
bl
e 
2
525088-L-bw-Gerards
Processed on: 9-10-2018 PDF page: 67
67
To answer the second research question, first, correlations were calculated. 
The correlation matrix (see Table 2) revealed that in children with ID, most tasks 
correlated significantly with each other. Phonological awareness was not related 
to word decoding, but letter knowledge did show a strong relationship with word 
decoding. All correlations between all the other variables imply that there are 
underlying processes involved in both the acquisition of early literacy skills, as 
well as within the early literacy pathway of learning to read. Nonverbal reasoning 
correlated with all other variables except for sequential memory, implying an 
important underlying role in all those variables. In the NLA group, a more typical 
pattern of relationships was found, with early literacy skills all strongly related to 
another, as was vocabulary, implying lexical restructuring to occur.
Structural equation modeling was then used to study the individual variation 
between the two groups. First, the theoretical framework on early literacy was 
modeled on the data of the NLA group. All predictor variables were related to the 
dependent variable word decoding. Then, all precursors were related to the predictor 
variables, and non-significant relationships between precursor variables and predictor 
variables were deleted. This resulted in a final model yielding an acceptable fit: χ²(28) 
= 36.26, p = .14, RMSEA = .064, CFI = .97, GFI = .92, explaining 56.0% of variance 
of the dependent variable word decoding (see Figure 1).
The final model provided evidence that in children with NLA, lexical 
restructuring occurred in this stage of early literacy acquisition. Vocabulary, 
phonological awareness and letter knowledge all contributed to the early literacy 
pathway. Rapid naming did not occur to be involved. The predictor variable memory 
was related to letter knowledge as well. Although the relationship between vocabulary 
and phonological awareness just did not reach significance, vocabulary was strongly 
related to letter knowledge. 
When modeling the predictor variables on the dependent variable word 
decoding in children with ID, the predictor variables phonological awareness and 
memory did not significantly relate to letter knowledge. Phonological awareness did 
significantly relate to word decoding, and rapid naming related significantly to letter 
knowledge, contrary to the NLA group. The precursor variables were incorporated 
into the model, and the model was adjusted by removing the non-significant relations, 
resulting in a model with insufficient fit (χ²(27) = 39.95, p = .05, RMSEA = .096). 
To reach an acceptable fit, adjustments to the model were made. Since nonverbal 
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reasoning correlated with all other predictors, it was chosen to relate nonverbal 
reasoning directly to word decoding. Nonverbal reasoning is known to be important 
in literacy acquisition in children with ID (Laing, Hulme, Grant, & Karmiloff-Smith, 
2001; Van Tilborg et al., 2014), and appeared to strongly predict word decoding. As a 
result of adding this relationship, slight changes occurred in the relationship between 
phonological awareness and word decoding, as well as between memory and letter 
knowledge, and these non-significant relationships were deleted from the model. 
This resulted in a final model with a correct fit, χ²(29) = 29.45, p = .44, RMSEA 
= .017, CFI = 1.00, GFI = .91, explaining 50.8% of the variance in word decoding 
(see Figure 2).
Figure 1: Final model of predictors of literacy acquisition in children with NLA.
Contrary to children with NLA, phonological awareness was not related to 
both letter knowledge and word decoding in children with ID, implying that this skill 
is either not applied or not developed yet in literacy acquisition in these children. 
Furthermore, after the addition of the relation between nonverbal reasoning and 
word decoding, the model reached a good fit, indicating the importance of nonverbal 
reasoning in word decoding. Contrary to children with NLA, rapid naming skills 
in children with ID predicted letter knowledge. Finally, three precursor variables, 
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namely articulation of words- and pseudowords, and sequential memory, predicted 
PSTM, but PSTM eventually did not predict any other early literacy skills in this 
model. 
Figure 2: Final model of predictors of literacy acquisition in children with ID.
Discussion
The present study investigated a group of children with ID and NLA on 
their early literacy skills. It was aimed to find out to what extent children between 
the two groups differed on linguistic and cognitive skills related to early literacy 
acquisition. Moreover, it was investigated whether group differences (in terms of 
special educational needs) led to comparable or dissimilar pathways of early literacy 
acquisition. We found that children with NLA outperformed children with ID on all 
linguistic and cognitive measures related to early literacy. We also studied models of 
early literacy in children with NLA and ID. It was hypothesized that children with 
NLA and ID would show comparable models of early literacy acquisition, but that 
precursors of literacy would vary between the groups. We found a literacy model 
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in children with NLA that corresponded to findings from previous research (e.g., 
Melby-Lervåg et al., 2012; Storch & Whitehurst, 2002). Phonological awareness and 
letter knowledge predicted word decoding, and vocabulary and PSTM predicted letter 
knowledge. In children with ID, however, a different model for early literacy skills 
was found. Although letter knowledge was an important predictor for word decoding, 
phonological awareness did not predict both letter knowledge and word decoding. 
It was nonverbal reasoning that directly predicted phonological awareness and word 
decoding, implying the importance of nonverbal reasoning in young children with ID 
during literacy acquisition (Van Tilborg et al., 2014). 
 
Differences in Early Literacy between Children with NLA and ID
When comparing both groups on their literacy- and literacy related skills, 
children with ID were outperformed by the children with NLA. This finding was 
not remarkable, since children with ID attend special education due to problems in 
development and general cognitive delay. This delay can lead to severe difficulties 
in important skills related to learning to read (Schuchardt et al., 2011). Moreover, 
problems in early literacy acquisition can be a result of problems in phonological 
processing, which affects children with ID in their struggle towards literacy 
acquisition (e.g., Channell, Loveall, & Conners, 2013).
It was unclear to what extent the differences between children with ID 
and children with NLA would affect the relatedness of precursor skills of literacy 
acquisition. We tested a theoretical framework of predictors of literacy acquisition on 
the data of children with NLA. Structural equation modeling revealed a model of early 
literacy acquisition in children with NLA that partially confirmed our hypothesis. 
Although children with NLA were still in kindergarten, some of them 
were already able to decode words, even without having received formal literacy 
instruction. Some children with NLA were already able to apply explicit phonological 
skills like phonological awareness in decoding words. Concurrently with a 
sufficient level of vocabulary, these two factors play an important role in lexical 
restructuring, benefiting early reading (Goswami, 2001; Metsala, 1999/2011). The 
lexical restructuring hypothesis claims that vocabulary reorganizes phonological 
representations of language in the brain. Contrary to our expectations, vocabulary was 
not a precursor of phonological awareness, but was related to letter knowledge. Still, 
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deep lexical knowledge will benefit grapheme-to-phoneme connections, wherein 
letter knowledge is strengthened. Whereas vocabulary did affect letter knowledge, 
the kindergartners in the present study did not seem to apply rapid naming in early 
literacy. In the Netherlands, word decoding is not yet instructed in kindergarten, 
and so automatization is not yet a predictive factor in reading during this particular 
educational phase of reading for these children. For instance, Verhoeven et al. (2016) 
found in a group of kindergartners that although lexical retrieval affected word 
decoding, this effect was small and indirect in nature. Therefore, it is assumed that in 
the current model, rapid naming does not predict letter knowledge.
 
Individual Variation in Early Literacy 
The predictors of literacy in the NLA model were previously found to be 
important in children with ID as well (e.g., Barker et al., 2013; Wise et al., 2010). 
However, when applying the theoretically motivated and empirically tested early 
literacy model on the data of children with ID, and adjusting this model to reach 
a proper fit, some striking differences between the models of the two groups were 
revealed. First of all, the presupposed theoretical relationships between phonological 
awareness, and letter knowledge and word decoding were not found in children with 
ID. There are two possible explanations for the absence of these relationships in 
children with ID. It might be the case that if children with ID were able to ‘read’ words, 
a logographic, whole-word recognition (visual inspection, word-image based; often 
used in pre-alphabetic readers (Bowman & Treiman, 2008)) strategy was used, which 
is different from typical phonology-based word decoding strategies. When using 
logographic strategies of word reading, children do not strongly rely on phonological 
awareness or on PSTM. An alternative explanation could be that children with ID are 
not yet able to use explicit phonological skills, which is reflected by their relatively 
low phonological awareness skills. In the case that auditory recognition of phonemic 
boundaries between the consecutive sounds within words cannot be identified 
and manipulated, PSTM will quickly reach its maximum capacity, and decoding 
will not take place (see Dickinson et al., 2003). Children with ID will only learn 
and remember those words that they implicitly or explicitly learn by experiencing 
modeling and repetition. Less frequently encountered words or unfamiliar words, 
however, will not be recognized or remembered to the same extent. The inability to 
use their phonological awareness skills restrains them from unraveling an unfamiliar 
word by using word decoding skills. Contrary to children with NLA, lexical retrieval 
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predicted letter knowledge in children with ID. Children with ID struggle to learn the 
grapheme-phoneme connections and to learn that the abstract symbolic patterns of 
letters entail phonological information. It may well be the case that lexical retrieval 
compensates for phonological awareness when phonological awareness is not 
predicting letter knowledge, and therefore predicts letter knowledge in this group of 
children.
From the precursor measures that were used in the present study, nonverbal 
reasoning yielded a strong effect on the model in children with ID, which can be 
related to differences in cognitive or higher-order level processing compared to 
children with NLA (Catts et al., 2002). Our data showed nonverbal reasoning to 
be related to all other variables in children with ID, which indicates its important 
underlying role in the prediction of literacy-related variables. Nonverbal reasoning 
directly affected word decoding, implying that children with ID need nonverbal 
reasoning skills (i.e., matching, categorizing, comparing) to get a grasp of literacy in 
the first place. Contrary to children with NLA, children with ID seem to have a hard 
time reflecting on phonemic constituents in words, which prevents many of them to 
become phonologically aware. Nonverbal reasoning thus may act as some sort of 
‘control mechanism’ in literacy acquisition in children with ID, which then interferes 
with normal literacy acquisition. It can be claimed that only if a child is able get a 
grasp of such reasoning, it can learn to understand the principles of grapheme-to-
phoneme connections, and thus develop word decoding skills.
Cognitive processes in learning to read prove pivotal in the segmentation of 
lexical representations, which is reflected in the lexical restructuring hypothesis. 
In the present study, it was found that in PSTM predicted letter knowledge in children 
with NLA, which proves the important role of this factor in learning to read (Henry & 
Winfield, 2010; Melby-Lervag et al., 2012). Typically, children start to derive, identify 
and learn sounds from words and its respective letters and learn to (re)combine these 
letters and sounds to decode words,  gradually relying on phonological working 
memory to process subsequent letters in a word. In children with ID, however, the 
PSTM of the children may quickly reach maximum capacity, leading to an inability 
to hold (multiple) letters and its corresponding sounds in memory (Conners, Atwell, 
Rosenquist, & Sligh, 2001; Soltani & Roslan, 2013). This is reflected in our model 
by an absence of PSTM to predict letter knowledge. In a similar vein, it is interesting 
to note that in the present study, the word decoding ability of children with ID was 
strongly associated with letter knowledge without a significant association between 
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phonological awareness, on the one hand, and both letter knowledge and word 
decoding, on the other hand. 
A final point of discussion entails the heterogeneity of the group of children 
with ID. Research in children with ID always has to deal with heterogeneity, different 
etiologies, and the complexity of the disorders that can cause intellectual and 
developmental disorders (Ratz, 2013). We do acknowledge that there are differences 
in literacy skills and development in some groups with a specific etiology such as 
children with Down Syndrome (Jarrold & Baddeley, 2001). In Down Syndrome, 
weaknesses and small variability in verbal short-term memory may account for 
reading problems. Research focusing on Williams Syndrome, however, also points 
out that within a diagnostic subgroup, variation in (linguistic) profiles also occur 
(Mervis, 2009). It is therefore not known whether, for example, etiology-based 
interventions will be more effective than interventions for more general groups of 
children with ID, indifferent of clinical subtypes of ID (Hodapp, DesJardins, & Ricci, 
2003).  Finally, the majority of children with ID do not have a specific or known 
etiology, despite the fact that they are intellectually disabled. Therefore, this group 
of children needs to be taken seriously in research and education too, and despite the 
heterogeneous composition of such groups, conclusions can be drawn on related to 
their literacy skills and development. 
 
Limitations
There are some limitations to the present study that must be acknowledged. 
Within this field of research, we were able to test two groups of children (n = 74 and 
n = 53), of whom one group was a clearly defined Dutch, heterogeneous group of 
children with ID with mixed etiologies. It is debatable to what extent the group sizes 
in the present study are problematic in SEM analysis. In a study by Wolf, Harrington, 
Clark, and Miller (2013) claim that for SEM, sample size requirements could 
be as small as N = 30 and still show important associations between parameters. 
We therefore assume that our models add to the literature on how and by which 
variables early literacy acquisition in children with ID is predicted.
Another limitation concerns the tasks being used in the present study. Because 
it was expected that some children with ID would possibly not be able to speak, 
it was chosen to provide all measurements receptively (except for the articulation 
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tasks, word span and rapid naming, since these tasks cannot be assessed in a receptive 
manner). Receptive answering occurred by pointing to pictures or words, in so 
providing all children the possibility to  execute these tasks. When children become 
older and develop speech, it is important to assess them on both receptive and oral 
word decoding tasks such as nonword reading tasks. With these extra measures, word 
decoding can be controlled for sight word learning strategies. Moreover, making use 
of various word decoding tasks such as word attack or pseudoword reading will tap 
further into phonological processing, extending the view on the role of phonological 
awareness in early literacy acquisition in children with ID. 
A final limitation concerns the fact that the present study followed a cross-
sectional design so that causal interpretations of criterion and predictor measures 
should be interpreted with caution. In order to further investigate the possible role 
of phonological awareness in learning to read in this special group of children, 
longitudinal research within this group of children seems pivotal. It will provide 
new insights on how these children learn literacy, what skills or which combinations 
of skills hamper them in their quest towards literacy acquisition, but it will also 
show these children’s strengths. This information will eventually lead to a clearer 
understanding of (the development of) literacy acquisition in children with ID.
 
Conclusions and Implications
To conclude, the present research provides evidence that children with 
ID may become literate while not using the same strategy as children with NLA. 
In the present study, early literacy levels of children with NLA could be predicted 
by phonological awareness, PSTM and vocabulary, with nonverbal reasoning and 
auditory discrimination predicting phonological awareness. In children with ID, 
the variation in word decoding was predicted by letter knowledge whereas letter 
knowledge was not predicted by phonological awareness, but by rapid naming which 
on its turn was predicted by attentional skills. It can thus be concluded that the arrears 
in phonological awareness in children with ID may put them on hold in gaining 
proper access to literacy acquisition. 
For educators, findings of the present study indicate that it is important to 
explicitly teach phonological awareness to children with ID to help them to become 
literate, in the perspective of successful participation in society. Since nonverbal 
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reasoning predicted both phonological awareness and word decoding, it is assumed 
that if children strengthen their overall cognitive skills, they could learn to apply 
phonological awareness skills in literacy acquisition. It is also important that 
educators should keep stimulating these early literacy skills and not switch too 
quickly to a whole-word reading strategy. Besides strengthening cognitive skills, 
training phonological awareness skills in this group of children is important too 
(Joseph & Seery, 2004), since children with ID already start to apply these skills as 
reading strategy from a young age onwards. Of course, whilst training phonological 
awareness, educators should adjust literacy material to the learning pace of each 
individual child. For example, educators may sing nursery rhymes or develop 
rhyming exercises, or practice with letter-names. Children with ID also need to have 
access to early literacy not only in their schools in order to start to develop early 
literacy. This could be provided to the child at home, without it being so much that 
the child gets overwhelmed. Again, home literacy materials have to be suitable to 
the developmental age of the child. It is known that the home literacy environment 
in both NLA children (e.g., Sénéchal & LeFevre, 2014), and children with ID (e.g., 
Van der Schuit, Peeters, Segers, Van Balkom, & Verhoeven, 2009) can strengthen 
emergent literacy knowledge, which will provide children a basis for proper literacy 
acquisition, once they enter formal literacy education. By these means, children may 
become able to discriminate phonemes passively, and this potential will help them 
in their active phonological processing once they start acquiring early literacy skills. 
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Abstract
The present research focused on the development of early literacy skills in 
children with intellectual disabilities (ID). Children with ID lag behind in their 
general cognitive development, but it is by no means clear how this impacts their 
early literacy development. Therefore, we compared the development of early 
literacy skills (phonological awareness, grapheme knowledge, word decoding) in 
relation to its cognitive precursor measures (RAN, phonological and verbal short-
term memory, nonverbal reasoning) in a group of children with ID (N=51, MageKG = 
75.92 months, range = 65 – 83) and a group of typically developing children (N=65, 
MageKG = 70.40 months, range = 63 – 78) longitudinally over a two-year period, 
from kindergarten to second grade. The data showed that children with ID develop 
slower on early literacy skills compared to their typically developing peers. However, 
the same set of precursors applied similarly to the development of early literacy in 
the two groups. It can thus be concluded that children with ID show a delay in their 
literacy development but that the structural characteristics of underlying processes 
are comparable with typically developing peers. In light of these results, teachers and 
caregivers of children with ID should stimulate literacy skills such as phonological 
awareness and grapheme knowledge over a long period of time, enabling them 
develop at least a basic level of literacy.
 
Keywords: grapheme knowledge, intellectual disability, literacy development, 
phonological awareness, word decoding.
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The development of early literacy in children with intellectual disabilities
Early literacy development in typically developing children (TD) has been 
extensively investigated over the past decades. The theoretical background of this 
developmental process is relatively well established showing that the development 
of early literacy involves the interplay between phonological awareness, letter 
knowledge and word decoding with rapid automatized naming (RAN) and verbal 
short-term memory as relevant precursors (e.g., Ehri, 2014; Lonigan, Burgess, & 
Anthony, 2000; for a meta-analysis see Melby-Lervåg, Halaas Lyster, & Hulme, 
2012). For children with intellectual disabilities (ID), however, the development 
of early literacy is less well understood. Children with ID have general cognitive 
developmental arrears (Katz & Lazcano-Ponce, 2008; Salvador-Carulla & Bertelli, 
2008; Schuchardt, Maehler, & Hasselhorn, 2011), as well as phonological processing 
difficulties (Barker, Sevcik, Morris, & Romski, 2013), that may lead to problems 
in early literacy. However, it is by no means clear to what extent the structure of 
this development is to be indicated as disordered or delayed, or being comparable 
to typical development, as is suggested in several correlational and cross-sectional 
studies comparing typical developing children to children with ID (e.g., Barker et 
al., 2013; Channell, Loveall, & Conners, 2013; Saunders & DeFulio, 2007; Soltani 
& Roslan, 2013; Wise, Sevcik, Romski, Morris, 2010). Longitudinal studies on early 
literacy and its precursors in children with ID is generally lacking. In the present 
study, we therefore longitudinally investigated the development of early literacy and 
its precursors in children with ID, and compared this development to that of a control 
group of (instructional) age-matched TD children.
It is generally acknowledged that there are multiple factors involved in the 
typical development of early literacy skills with word decoding as literacy outcome 
(National Early Literacy Panel, 2008), of which phonological awareness and letter 
knowledge have been identified as the two most important factors for later word 
decoding (Anthony & Francis, 2005; Melby-Lervåg et al., 2012; Muter, Hulme, 
Snowling, & Stevenson, 2004; Pufpaff, 2009). In both transparent and opaque 
orthographies, the acquisition of grapheme-phoneme correspondence rules (relating 
the graphemes to its constituent phonemes by using phonological awareness and 
phonological short-term memory; Landerl & Wimmer, 2008) acts as an inevitable 
mechanism for word reading. Within the development of word reading, the effect 
of phonological awareness diminishes over time as literacy becomes relatively well 
established (Hogan, Catts, & Little, 2005; Muter et al., 2004). Next, RAN plays a 
Chapter 4
525088-L-bw-Gerards
Processed on: 9-10-2018 PDF page: 81
81
central role in rapid access to phonological representations (the underlying structure 
of the sound of a word) when these representations are well established (Furnes & 
Samuelsson, 2012; Verhoeven, Van Leeuwe, Irausquin, & Segers, 2016), predicting 
word decoding later on in literacy development (Norton &Wolf, 2012). Finally, 
the ability to store the meaning of a word in the mental lexicon enables children 
to develop the phonological representations from relatively holistic (knowing a few 
words) to more segmental phonological representations, which is known as lexical 
restructuring (Goswami, 2001; Metsala, 1999). These detailed representations 
of phonological skills will benefit word decoding and semantics. As described in 
the triangle framework of reading (Seidenberg, 2007; Seidenberg & McClelland, 
1989), the interactions between orthography (graphemes), phonology (phonemes), 
and semantics (meaning of the word) will eventually lead to full consolidation of 
word reading (Ehri, 2014). The final stage of early literacy, typically reached at 
approximately 8 years old wherein word decoding is acquired, is pivotal in further 
language development. For example, reading comprehension can be seen as the 
next phase in literacy acquisition, and word decoding is known to be one of the 
two variables necessary for comprehending text passages, together with listening 
comprehension (Hoover & Gough, 1990)
The scarce research on literacy in children with (mild-to-moderate) ID 
mainly involves  participants with specific etiologies such as Down Syndrome (DS; 
Abbeduto, Warren, & Conners, 2007; Lemons & Fuchs, 2010). Children with ID 
from mixed etiologies have received less attention. In children with DS, visual 
word reading is known to be a relative strength. They appear to rely more on visual 
orthographic processing, which compensates their phonological processing problems 
(Abbeduto et al., 2007; Byrne, MacDonald, & Buckley, 2002). In children with DS, 
visual pattern recognition seems to be important as well. However, longitudinal 
results vary in explaining to what extent phonological awareness is beneficial for 
this group. In children with DS, phonological awareness, albeit being poor, strongly 
predicts initial levels of reading, but does not predict reading skills longitudinally 
(e.g., Hulme, Goetz, Brigstocke, Nash, Lervåg, & Snowling, 2012; Roch & Jarrold, 
2012). Though, Lemons and Fuchs (2010) did find evidence that interventions based 
on phonological skills can enhance the development of literacy skills in at least some 
children with DS.
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Whereas research within a specific group of children with DS has provided insights 
in the precursors of early literacy skills, it is far from clear what the precursors of 
early literacy skills and literacy development are within the general population 
of children with mild to moderate ID. It is known that this group lags behind in 
their general cognitive development compared to TD children, leading to arrears in 
literacy development (Conners, 2003; Soltani & Roslan, 2013; Van Tilborg, Segers, 
Van Balkom, & Verhoeven, 2014). However, despite these arrears, some cross-
sectional studies demonstrated that children with ID use similar precursors in literacy 
acquisition as TD children do (Dessemontet & De Chambrier, 2015). In a cross-
sectional study by Wise et al. (2010), 80 students with mild ID attending elementary 
school were examined on learning to read. Individual differences in phonological 
awareness accounted for unique variance in literacy acquisition, like in TD children. 
Besides the importance of phonological awareness, Saunders and DeFulio (2007) 
found that RAN was also an important factor in literacy acquisition in adults with 
ID, and Barker et al. (2013) found that both phonological processing skills and RAN 
were moderate to strongly related to reading skills. Channell et al. (2013) even found 
that children with ID scored similar to TD children on RAN skills. Soltani and Roslan 
(2013) found the same literacy variables to be important in a group of adolescents 
with ID, and phonological short-term memory also contributed to decoding skills. 
Finally, Van Tilborg et al. (2014) investigated the relationship between early literacy 
skills and word decoding in a group of 17 children with a mild ID. Letter knowledge 
contributed to word decoding, but relationships between phonological awareness and 
both letter knowledge and word decoding were absent. In older children with ID, 
however, it was shown that both early literacy skills and word decoding significantly 
contributed to reading comprehension, with early literacy skills affecting both 
word decoding and reading comprehension directly (Van Wingerden, Segers, Van 
Balkom, & Verhoeven, 2017). It was suggested that due to impairments in intellectual 
functioning, children with ID were hampered in resources necessary for proper word 
reading. This may also negatively influence language development in this group.
In all, the aforementioned studies suggest that similar factors are involved 
in learning to read in TD children and children with ID, but that the latter group 
may experience difficulties with these factors, hampering them in their literacy 
development. Moreover, most studies so far have focused on cross-sectional relations 
between early literacy and its precursors in children with ID. Whereas in a specific 
ID, like Down Syndrome, literacy is relatively well investigated, longitudinal insights 
in early literacy development in the general population of young children with ID are 
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generally lacking. Whereas it is known that poor phonological decoding skills of 
children with ID prevents them from applying grapheme-to-phoneme connections 
whilst trying to read words, children might still be able to apply phonological 
awareness in word decoding later on in literacy development (Van Tilborg et al., 
2014). Furthermore, in the course of development, there are several cognitive and 
linguistic factors that could potentially influence early literacy skill acquisition, and 
the development of these factors needs to be investigated as well. Also, the vast 
majority of studies in literacy acquisition in children with ID has been carried out 
in English-speaking countries, with English being known for its non-transparent 
orthography, wherein phonological awareness is more critical in literacy acquisition 
compared to more transparent orthographies (Landerl et al., 2013). Still, it is known 
that phonological awareness is also important in literacy development in transparent 
orthographies, especially at the start of literacy acquisition, wherein phonological 
awareness develops more quickly than in non-transparent orthographies (Anthony & 
Francis, 2005). Finally, the suggestions that children with ID develop literacy skills 
comparable to TD children are often based upon research that did not entail a typically 
developing comparison group. Therefore, the present study aimed to investigate the 
longitudinal predictors of early literacy acquisition and development in both children 
with ID and TD children who were in a transparent language system. 
We generated two research questions for the present study. First, it was 
questioned to what extent there is a delay in the growth of early literacy skills 
in children with ID as compared to their TD peers. Second, to what extent is the 
literacy development in children with ID comparable to that of TD children? 
It was hypothesized that children with ID lagged behind on all early literacy skills 
and predictors compared to TD children. However, we expected the longitudinal 
structural relationships between early literacy skills and the predictor measures to 
show similarities between the two groups, indicating that children with ID tend to 
apply similar precursors in literacy development as TD children (Barker et al., 2013; 
Byrne et al., 2002; Hulme et al., 2012). 
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Method
Participants
A group of 55 children with ID from 19 special education schools in the 
Netherlands were recruited and tested over a 2-year period, including a total of 
three measurements. Three children were removed from the study because the 
participant criteria were not met after the inclusion criteria were checked for each 
individual participant, and one child was withdrawn from the study by the school 
after the second measurement, resulting in a final sample of 51 children (36 boys 
and 15 girls) tested during the final measurement. Children were selected based on 
the following criteria, with both parents and the school psychologist checking the 
validity of inclusion: an IQ score between 50 and 75 (scores were obtained from 
institutional files provided by the school, and individuals were not assessed on the 
same IQ test), aged between 63 months and 83 months old at time 1, no visual- 
or hearing impairments (although visual impairments may be corrected-to-normal), 
Dutch as native- and home language, and no motor impairments that could interfere 
with the test assessment. The average age at the start of the study was 75.92 months 
old, (range 65 – 83 months). 
The comparison group consisted of 74 TD children from 4 regular 
primary schools in the Netherlands that were recruited for the first measurement. 
Over time, eight children had to repeat a class, and one child moved to another school, 
making a total of 65 children (31 boys and 34 girls) that were tested during the final 
measurement. The inclusion criteria for TD children were the same as for children 
with ID with the exception of the IQ criterion. It was reasoned that IQ of TD children 
was at a regular level, as they attended regular primary education. The average age 
at the start of the study was 70.40 months old (range 63 – 78 months). Although the 
children fell into the same age range, children with ID turned out to be slightly older 
(Mdiff = 5.5 months) at the start of the study, t(114) = 7.17, p < .001, d = 1.35.
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Materials
Children in both groups were assessed at three time points over a 2-year period, 
with gaps of approximately 12 months in between the test assessments. The first time 
point was in second-year kindergarten, the second time point at first grade, and the 
third time point at second grade. All tasks were selected based on their suitability for 
testing both groups of children.
Receptive word decoding. An adapted version of the Leerling- en Onderwijs 
Volgsysteem Technisch lezen groep 3 [Student- and Educational Tracking system on 
Technical Reading Grade 1] (Jongen, Krom, & Roumans, 2009) was used to measure 
receptive word decoding skills (WD(r)). Children saw a drawing next to five words, 
and were asked to point at the word that matched the drawing. A total of 40 items 
were presented, increasing in difficulty. The task was terminated if children made four 
consecutive errors, or after 5 minutes. Reliability of this task was high (Cronbach’s 
α = .90). 
Expressive word decoding. The Eén Minuut Test [One Minute Test] (Brus 
& Voeten, 1999) was used to test expressive word decoding (WD(e)). Children were 
asked to read out aloud fast, but with accuracy, a list of words increasing in difficulty 
within one minute. The total score was calculated by adding all correctly read words, 
with a maximum score of 116. Reliability of this task is high (Cronbach’s α = .96, 
Brus & Voeten, 1979)
Grapheme knowledge. Grapheme knowledge (GK) was assessed with the 
letter knowledge subtest from the Screeningsinstrument Beginnende Geletterdheid 
([Diagnostic Instrument for Emerging Literacy]; Vloedgraven, Keuning, & 
Verhoeven, 2009). In this computerized task, children saw four mono- or digraphs, 
and were asked to point at the corresponding grapheme, provided by a computer 
voice. The test consisted of 34 items, and the total score consisted of the correct 
number of items.
Phonological awareness. Four phonological awareness constructs were 
assessed with the Screeningsinstrument Beginnende Geletterdheid ([Diagnostic 
Instrument for Emerging Literacy]; Vloedgraven, Keuning, & Verhoeven, 2009), 
namely rhyme, phoneme identification, phoneme segmentation, and phoneme 
deletion. Each task comprised two practice items and 15 critical items. With each 
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item, three drawings were shown on a computer screen. In the rhyme task, children 
had to point to the picture that rhymed with the word provided by a computer voice. 
In the phoneme identification task, the child had to point to the drawing that started 
with the same sound as the word provided by the computer voice. In the phoneme 
segmentation task, the computer voice provided phonemes reflecting one of the 
drawings one-by-one, and the child was asked to point at the correct drawing. In the 
phoneme deletion task, the computer voice said a word and asked the child to delete 
a specific phoneme of that word. The child had to point to the drawing that matched 
the new word after the phoneme was deleted from the initial word (e.g., druif [grape], 
minus /r/ makes duif [dove], and the child had to point to the picture of the dove). 
The total phonological awareness score was calculated by adding the correct scores 
of each subtest. Reliability of the task was high (Cronbach’s α = .91).
Rapid automatized naming. Rapid Automatized Naming (RAN) was 
assessed by the rapid naming objects task, a subtest of the Ernstige Spraak-taal 
Moeilijkheden toets [Specific Language Impairment test] by Verhoeven (2005), to 
measure lexical retrieval. The child was provided with an A4-sized card with four 
rows of 30 objects, and was asked to call out as many objects as possible within one 
minute. Good internal consistency was found (Cronbach’s α = .86). 
Verbal short-term memory. Verbal Short-Term Memory (VSTM) was 
assessed with the subtest Geheugentest: Woorden [Memory test: Words] of the 
Ernstige Spraak-taal Moeilijkheden toets [Specific Language Impairment test] by 
Verhoeven (2005). The child was asked to copy a string of words in the exact same 
order. The word string was increased by adding one word after one set consisting of 
two items with a minimum of two words and a maximum of eight words. The task 
was terminated after the child failed to copy both word strings within one set. The 
final score comprised the amount of word strings correctly repeated. Good reliability 
was found (Cronbach’s α = .71) .
Phonological short-term memory. Phonological short-term memory 
(PSTM) was assessed by using a serial word-recall task, adapted to assess children 
who were unable to speak, by using a hand puppet during the assessment (see Peeters, 
2008). A word string was said by the experimenter, and after 2 seconds followed by 
a word string said by a kumquats hand puppet (www.handpop.nl). Half of the word 
strings were incorrectly repeated by the hand puppet, and the child had to determine 
whether the hand puppet repeated this word string correctly. The word strings were 
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divided in eight sets of six items, and after each set, one word was added to the word 
string. If a child made three or more errors within one set, the task was terminated 
after finishing the set. The total score comprised the number of correct answers 
provided by the child. The reliability of the task was high (Cronbach’s α =.97).
Nonverbal reasoning. The Raven Coloured Progressive Matrices (Raven, 
1956) was used to assess nonverbal reasoning skills. The children were presented with 
an abstract figure with a missing piece. Below the figure, six pieces were presented, 
and the child was asked to point to the piece that correctly completed the figure. 
A total of 36 figures were presented, and the total score comprised the amount of 
correctly chosen pieces. Good reliability for this task was found (Cronbach’s α = .82)
 
Procedure
Prior to the onset of the research project the present study was part of, the 
design, election and participation of children and parents, privacy guarantees and 
anonymous processing of data were all approved by the boards of the schools that 
agreed to participate in this study. In addition, the ethical board of our research 
institute also approved this research. According to these procedures, the research 
project complies with all required ethical guidelines for educational and clinical 
research. Parents of all children thus gave informed consent, and all schools gave 
permission to start testing each child after discussing all individual children. 
The children were assessed by the first author or by trained experimenters in a 
small, quiet room within their own school. There was no supervision of someone 
else in order to prevent interference in testing between the child and this supervisor. 
The trained experimenters were undergraduate students who were in their final year 
of their bachelor study in Educational Sciences, and received four hours of training 
from the first author on how to assess the children with all the tests mentioned above. 
First, they obtained a one hour theoretical explanation of each task. After that, 
they practiced all tasks in pairs; feedback was provided by the first author. Finally, 
they were instructed about the pitfalls and behavioral- or testing problems whilst 
assessing young children. 
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The assessment of the tests was divided over multiple sessions, taking maximum 
30 minutes per session, to prevent attentional problems or cognitive overload. Tests 
were assessed in a pseudo-random order, with tests wherein interaction between child 
and experimenter was involved were assessed first. Although test assessment in TD 
children was, on average, slightly faster, all children finished the tests within the four 
test sessions. After each test, children were given a sticker which they could put on 
a diploma. Children with ID were assessed on word decoding, grapheme knowledge 
and phonological awareness during all three time points. RAN, verbal short-term 
memory, phonological short-term memory and nonverbal reasoning were assessed 
during the first two time points, and the one minute test was assessed only during 
the final time point. The same held true for TD children, with the exception that they 
were not assessed on grapheme knowledge and the phonological awareness tasks 
rhyme, identification, and segmentation at the final time point, because they reached 
ceiling level at time point 2. 
 
Data analysis
Descriptive statistics for each task on each time point were calculated and used 
for further analysis. A repeated-measures ANOVA was first conducted to examine 
whether both groups of children would grow significantly on their early literacy skills 
across time. Effect sizes were interpreted as small  (η² ≤ .01), moderate (η² ≤ .06), and 
large (η² ≥ .14) (Cohen, 1988). Then, correlations were calculated before modeling 
the developmental pathways of each group with Structural Equation Modeling 
(SEM), using the SIMPLIS method with LISREL software (http://www.ssicentral.
com). We modeled the development of early literacy of the ID group according to a 
theoretical view of typical early literacy development. We first analyzed the data of 
the TD children, modeling only the early literacy skills phonological awareness at 
time 1 and 2, grapheme knowledge at time 1, and used both receptive- and expressive 
word decoding at time 3 as final outcome variables. Then, we subsequently added the 
precursors (RAN, verbal short-term memory, phonological short-term memory, and 
nonverbal reasoning) to the model. The early literacy skills phonological awareness 
and grapheme knowledge were allowed to correlate with each other at the same time 
point. 
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Skewness and kurtosis were calculated for each variable before entering the 
analysis to check for normality, in so also exploring for outliers. For some variables, 
the distribution was not normal: verbal short-term memory and phonological short-
term memory in the TD group, and grapheme knowledge and phonological awareness 
in the ID-group. We decided to keep them in the analyses, as the type of analyses is 
robust for such violation of the assumptions. Moreover, a non-normal distribution is 
in fact often found in typically developing children that score at ceiling level, or in 
more heterogeneous ID-populations, with a higher chance of outliers.
Grapheme knowledge at time 2 was deleted from the model of TD children 
because of ceiling scores. Finally, expressive word decoding at time 3 was chosen 
as dependent variable for TD children and children with ID, since receptive word 
decoding was performed at near ceiling level at time 3 in TD children, so models 
could be compared between the two groups. The model was accredited a good fit 
when the χ² value was non-significant, the Root Mean Square of Error Approximation 
(RMSEA) was < .08, and the Comparative Fit Index (CFI) and the Goodness of Fit 
Index (GFI) were > .90.
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Results
The descriptive statistics of both groups are summarized in Table 1. As is 
shown, there was a difference on nonverbal reasoning between the two groups at 
t1, t(114) = 13.033, p < .001, Mdiff = 9.05, d = 2.43 with TD children outperforming 
the children with ID. No differences were found between boys and girls within each 
subgroup (all p’s >.05).
To answer the first research question, a repeated measures ANOVA was conducted 
with Group (TD, ID) as between-subjects factor and time (t1, t2, t3) as within-subjects 
factor to assess whether both groups improved over time on their early literacy skills 
and whether there were differences between the groups. The two groups differed on 
growth in word decoding, F(2, 228) =  209.10, p <.001, η²p = .65. The TD children 
enhanced their word decoding skills more strongly than children with ID from t1 to 
t2, and from t2 to t3 (F(1, 114) = 229.83, p < .001, η²p = .67; F(1, 114) = 21.47, p < 
.001, η²p = .16 respectively). For growth in grapheme knowledge, the groups differed 
as well, F(1.52, 172.98) = 13.29, p < .001, η²p = .10, with TD children growing 
faster than children with ID from t1 to t2 (F(1, 114) = 19.36, p < .001, η²p = .15). 
At t2, TD children already scored at ceiling level, leaving no room for any further 
growth in this early literacy skill. Finally, growth in phonological awareness differed 
between groups, F(1.62, 184.99) = 15.90, p < .001, η²p = .12. Whereas TD children 
improved more strongly between t1 and t2 (F(1, 114) = 26.54, p < .001, η²p = .19), 
there appeared to be no difference in growth between t2 and t3 (F(1, 114) = .25, 
p  = .62, η²p = .002). Closer inspection of the data revealed that TD children did not 
improve in phonological awareness due to the relatively high scores at t2. Finally, 
we analyzed the differences in phonological awareness, grapheme knowledge, and 
word decoding between TD children at t1 and children with ID at t3, to determine 
whether there was a delay on early literacy acquisition in children with ID. 
Strikingly, whereas we did not find differences in word decoding and grapheme 
knowledge (Mdiff = 1.70, t(66.09) = 1.17, p = .25, d = .24 for WD, Mdiff = 1.18, t(86.24) 
= 0.72, p = .47, d = .14 for GK), there appeared to be a difference in phonological 
awareness between these two groups (Mdiff = 9.96, t(82.67) = 5.46, p < .001, d = 1.08). 
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Correlation analyses for both groups between both concurrent and 
longitudinal predictors were calculated to gain more insight in the relationships 
between the precursor measures. Results can be found in Table 2. In TD children, 
the early literacy measures receptive word decoding at t1, grapheme knowledge at 
t1, phonological awareness at t1, and phonological awareness at t2  all correlated 
both concurrently and longitudinally with the word decoding variables at t3. Besides, 
RAN was longitudinally related to phonological awareness at t2. In children with 
ID, a more diffuse pattern of correlations was found, with moderate to strong 
correlations between most of the variables, both concurrently and longitudinally. 
Interestingly, phonological awareness at t1 did not relate to receptive word decoding 
at t1, but grapheme knowledge at t1 did relate strongly to receptive word decoding 
at t1. Furthermore, nonverbal reasoning correlated with all other variables, and RAN 
correlated with all longitudinal predictors as well as with grapheme knowledge at t1, 
phonological awareness at t1 and verbal short-term memory. Finally, phonological 
short-term memory related to both phonological awareness at t1 and t2. 
Investigating the structural relations of development in literacy of TD 
children, we found two models for both receptive- and expressive word decoding at 
t3 (see Figures 1a and b). The direct relationships from phonological awareness at t2 
and grapheme knowledge at t1 towards receptive word decoding at t3 showed that 
grapheme knowledge at t1 predicted receptive word decoding, but the relationship 
between phonological awareness at t2 and receptive word decoding at t3 was 
absent. For expressive word decoding at t3, a converse pattern was found, wherein 
phonological awareness at t2 predicted expressive word decoding, but grapheme 
knowledge at t1 did not. Furthermore, in both models phonological awareness at 
t1 and grapheme knowledge at t1 correlated, and RAN and grapheme knowledge 
at t1 predicted phonological awareness at t2, whereas phonological awareness at 
t1 did not. Finally, verbal short-term memory predicted grapheme knowledge at t1. 
All other predictors did not significantly relate to any of the early literacy skills at 
time 1. In total, 9.9 % of the variance was explained in the expressive word decoding 
model at t3.
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Figure 1a: Receptive word decoding model for TD children
Figure 1b: Expressive word decoding model for TD children
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A comparable approach was used to model the development of literacy of the 
children with ID (see Figure 2). Grapheme knowledge at t2 was added to this model, 
since children with ID did not reach ceiling scores at t2. The structural equation 
model showed that phonological awareness at t2, but not grapheme knowledge at t2 
predicted expressive word decoding at t3. Still, grapheme knowledge at t1 predicted 
grapheme knowledge at t2, but also phonological awareness at t2, and phonological 
awareness at t1 predicted phonological awareness at t2 as well. Whereas phonological 
awareness at t1 did not correlate with grapheme knowledge at t1, nor with grapheme 
knowledge at t2, a significant relation was present between phonological awareness 
at t2 and grapheme knowledge at t2. RAN and phonological short-term memory 
both predicted phonological awareness at t1, and RAN also predicted grapheme 
knowledge at t1. Finally, nonverbal reasoning predicted grapheme knowledge at t2. 
A total of 37.1% of the variance in the expressive word decoding at t3 model was 
explained. A final model with receptive word decoding at t3 as dependent variable 
showed a similar model, with in addition that grapheme knowledge at t2 contributed to 
receptive word decoding at t3 significantly. The total variance explained in receptive 
word decoding at t3 was 54.7%.
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Figure 2: Expressive word decoding model for children with ID
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Discussion
The present study examined the development of early literacy skills in children 
with ID in comparison with TD children. Looking at the growth of early literacy 
skills in both groups, we found that both groups showed progress in early literacy 
skills over time. TD children acquired early literacy skills faster than children with 
ID, and showed (near) ceiling scores on the measurements of early literacy skills at 
time 3 (second grade). Children with ID, however, also demonstrated progress in 
developing early literacy skills, although at a slower pace. Comparing the two groups 
on their structural relations of literacy development, we found both similarities and 
differences between the two models of literacy development. Results are discussed in 
the following paragraphs.
Analyses comparing the early literacy skills of TD children at time 1 (second 
year kindergarten) to the early literacy skills of children with ID at time 3 did not 
reveal differences between these groups on word decoding and grapheme knowledge. 
This implies that children with ID, on average, have a delay of about two years in 
grapheme knowledge and word decoding, but also that they did not show a large 
improvement in phonological awareness from time 2 to time 3. However, regarding 
phonological awareness, there was a significant difference in favor of kindergarten-
aged TD children on their phonological awareness skills at time 1 compared to 
phonological awareness skills in children with ID at time 3. Phonological awareness 
is still not that strongly developed in children with ID. This may be due to the fact that 
children with ID showed low scores on phonological short-term memory and RAN. 
It has been shown in TD children that both phonological short-term memory and RAN 
have an impact on early literacy (Verhoeven, van Leeuwe, Irausquin & Segers, 2016). 
The delay in phonological awareness in children with ID may negatively influence 
the development of grapheme-to-phoneme connections, which are pivotal for word 
decoding. It can tentatively be concluded that children with ID have difficulties 
in accessing phonological representations from memory, which in turn negatively 
influences the development of phonological awareness skills. Delays in phonological 
awareness hamper children with ID in the development of word decoding (see also 
Van Tilborg et al., 2014). 
The development of early literacy skills was modeled longitudinally, focusing 
on the precursor and predictor measures of early literacy for both groups. We argue 
that the development of literacy in children with ID is delayed to that of TD children 
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for the following reasons. First, although children with ID lagged behind in literacy 
development, phonological awareness and grapheme knowledge eventually predicted 
word decoding. It is known that in TD children, the effects of these early literacy 
variables on word decoding diminish approximately at the end of first grade, when 
grapheme-phoneme connections become relatively well established (Hogan, Catts, 
& Little, 2005; Muter et al., 2004). In children with ID, both phonological awareness 
and grapheme knowledge (only with receptive word decoding) correlated with word 
decoding (Soltani & Roslan, 2013; Wise et al., 2010), similar to kindergarten-aged 
TD children at time 1, indicating similarities in the predictors of word decoding 
between both groups of children. 
Furthermore, both grapheme knowledge and phonological awareness were 
related to each other at time 2, but not at time 1 in the ID group. This finding 
implies that grapheme-to-phoneme connections start to develop later in children 
with ID. Apparently, children with ID are not yet able to apply their limited level of 
phonological awareness to construct grapheme-phoneme connections at kindergarten 
age (Van Tilborg et al., 2014). Moreover, phonological awareness at time 2 was 
found to be strengthened by grapheme knowledge at time 1. It can be assumed that 
kindergarten-aged children with ID are in the pre-alphabetic phase of reading, wherein 
they recognize some words or parts of words by sight or logographically (Ehri, 2014). 
Since phonological short-term memory has shown to be weak in children with ID, 
grapheme knowledge acts as a compensatory variable in strengthening phonological 
awareness. This occurs on top of the autoregressive relationships of phonological 
awareness and grapheme knowledge respectively, from time 1 to time 2. Nonverbal 
reasoning predicted grapheme knowledge at time 2, which might imply that children 
with ID do rely on visual orthographic word (or even image) recognition (Bowman & 
Treiman, 2008; Roch & Jarrold, 2012), although not yet being able to use phonological 
awareness skills in decoding words. This may also explain why grapheme knowledge 
at time 2 did not relate to expressive word decoding, but did relate to receptive word 
decoding. Grapheme knowledge may play a more important role in receptive word 
decoding, because of the orthographic-semantic nature of this task. For expressive 
word decoding, however, phonological awareness is more important, because of the 
grapheme-phoneme connections that need to be applied. 
A final indication towards the assumption that children with ID can learn to 
read in a typical way stems from the relationship between RAN and phonological 
short-term memory, and phonological awareness. These variables are weak in 
Development of early literacy skills in children with ID
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children with ID, preventing them to develop phonological awareness. However, 
both phonological short-term memory and  RAN predicted phonological awareness, 
which is found in TD children (Furnes & Samuelsson, 2012; Verhoeven et al., 
2016), as well as in adults with ID who were able to read (Saunders & DeFulio, 
2007). The present research evidences the important role of phonological short-
term memory and RAN in the development of literacy in children with ID. Later in 
development, children start to use phonological awareness and grapheme knowledge 
when decoding words. Moreover, grapheme knowledge compensates for the fact that 
phonological representations are insufficiently developed. The delayed development 
makes the model of literacy development in children with ID slightly different from 
TD children, but phonological awareness and grapheme knowledge do eventually 
become important in decoding words.
 
Limitations
The present study has some limitations that need to be taken into consideration. 
At first, the present study focused on early literacy acquisition based on cognitive-
linguistic predictors. Although we took into account several of those variables, we did 
not have enough power to incorporate tasks that tapped into verbal- and expressive 
abilities of children with ID. Therefore, we focused mostly on receptive language 
skills. However, our dependent variable at the final measurement was expressive 
word decoding. We also assessed receptive word decoding in children with ID. Only 
minimal differences between the receptive- and expressive model of word decoding 
were found. This makes clear that children do apply phonological awareness skills in 
their quest towards eventual word decoding, both receptively and expressively.
Second, we chose to focus on the most influential predictors known in TD 
children and to incorporate these variables in our study. However, it is known that 
in children with Down Syndrome, visual-orthographic processing strategies are 
used in word reading (Abbeduto et al., 2007; Hulme et al., 2012; Roch & Jarrold, 
2012). So, for future research, it will be valuable to take the influence of verbal-
expressive abilities of children with ID into account, together with tasks that assess 
visual-orthographic processing skills, as predictive measures of word decoding. 
These skills may influence early literacy variables, even those that are receptive in 
nature (e.g. vocabulary, Ouellette, 2006; Storch & Whitehurst, 2002). Including such 
measures can provide a more comprehensive view on the decoding strategies and 
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literacy development of children with ID, which may lead to an expansion of the 
literacy model in the future. Finally, although all tasks were selected to be as easy as 
possible to explain and comprehend to children with ID, with some tasks that did not 
even have oral language instruction, some tasks were instructed to children with ID 
orally. Oral language comprehension may not have been that strong in this group of 
children, which could have led to ambiguities in task performance of those children. 
 
Clinical Implications
The present study adds to recent theoretical evidence that children with ID are 
able to learn to read, and tend to rely on the same constructs within this process as 
TD children (Barker et al., 2013; Wise et al, 2010), although children with ID have 
difficulties in early literacy acquisition. Whether these difficulties result in a delay 
or a disorder in literacy acquisition, is open for future debate. Still, considering the 
present findings, it is reasonable to assume that children with ID experience a delayed 
literacy development, and in our sample we did not find a severely deviant literacy 
development pattern. Although phonological short-term memory is weak, grapheme 
knowledge helps children with ID to establish phonological representations. 
Our findings indicate that children with mild ID can gain alphabetic skills and even 
can become able to decode words. This may benefit their quality of life and self-
independence in a world that is strongly literacy-based. However, with the data from 
the present study, we cannot determine how literacy further develops once grapheme-
to-phoneme connections are established. Still, for educational purposes, these 
findings might impact the way children need to be educated in their quest towards 
literacy acquisition. It is important that children with ID are stimulated in reading 
and pre-reading skills, and that these children gain access towards for instance 
games, materials and practices related to stimulating phonological awareness (see 
Hill, 2016). It is known that computer-assisted learning may potentially benefit 
reading performance in children with ID (Mosito, Warnick, & Esambe, 2017). These 
materials should be tailored to the potential level of development and perceptions 
of the environment of the child. For example, parents or clinicians can start with 
providing simple rhyme exercises, since children are most sensitive to rhyme early 
in phonological development, together with enhancing high-frequent grapheme 
knowledge. In a study by Erickson, Clendon, Abraham, Roy, and Van de Carr 
(2005), an assistive technology instructional program focusing on early literacy 
acquisition supported not only literacy outcomes in children with ID, but also the 
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interactions and collaborations between both teachers and parents of children with 
ID. In addition, the literacy development of children with ID should be carefully 
followed by educators and clinicians. When children with ID remain phonologically 
unaware, it might be worth focusing on different reading strategies (such as visual-
orthographic processing strategies) first, and trying to stimulate phonology later on in 
development, or parallel with other strategies (Hulme et al., 2012; Lemons & Fuchs, 
2010). It is known that children with ID benefit from phonology-based interventions, 
with reading and language gains after 2 to 3 years (Hill, 2016). These gains in literacy 
acquisition will motivate the environment of children with ID in an attempt to make 
them at least functionally literate.
To conclude, although the development of phonological awareness is delayed 
in children with ID, it contributes to later word decoding in children with ID. This 
delay results in moderate, but still significant effects of phonological awareness on 
later word decoding in children with ID. Grapheme knowledge is important for early 
literacy development in children with ID and its influence on word decoding can be 
seen as a relative strength in their literacy capacities. Finally, both early RAN and 
phonological short-term memory skills influence literacy development in children 
with ID, although these skills are weak when children start to learn to decode words. 
Strengths in grapheme knowledge can compensate for these weaknesses, providing 
evidence for early literacy development to occur in children with ID using the 
comparable precursors responsible for literacy development in TD children.
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Abstract
The present study investigated the unique contribution of the Home Literacy 
Environment (HLE) in gains of early literacy skills in preschool-aged children with 
intellectual disabilities (ID, N = 27, Mage = 87.8 months, SD = 5.5) compared to age-
matched children with a typical development (TD, N = 51, Mage = 81.5 months, 
SD= 3.7). We aimed to find out whether the HLE accounted for gains in early literacy 
skills and to provide insight into the unique contributions of HLE on early literacy 
development in children with ID. It was expected that both parental estimations of 
their child’s literacy level, as well as the HLE of children with ID would influence 
gains in early literacy skills.Primary caregivers of both groups of children were 
asked to fill out a questionnaire on HLE, tapping into parental estimations of child-
literacy skills, and on parent-child literacy activities and amount of literacy materials 
at home. At the start of the study, children were tested on their early literacy skills 
(phonological awareness (PA), letter knowledge (LK), and word decoding (WD); 
Wave 1). One year later, the same tests were administered (Wave 2). Results showed 
that HLE accounted for unique variance to gains in early literacy in both TD children 
and ID children. In children with TD, parental child literacy estimations had an 
indirect effect on PA2 mediated by PA1, and an indirect effect on WD2 mediated by 
WD1. Furthermore, the availability of child literacy material was directly related to 
WD2. In children with ID, child literacy material indirectly impacted WD2 mediated 
by WD1. It is concluded that the HLE is related to gains in early literacy skills in 
children with ID, with the implication that parents/caregivers, teachers, and clinicians 
should consider the role they may play in creating opportunities to enhance the 
literacy level of a child with ID.
Keywords: children with ID, home literacy environment, phonological awareness, 
word decoding.
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Home Literacy Environment and Literacy Skills in Children  
with Intellectual Disabilities
Kindergartners come into contact with language and literacy in various ways. 
Already before entering kindergarten, they experience emergent literacy activities at 
home, like singing nursery songs, or learning to recognize the first letter of their own 
name. The diversity, amount, and time of literacy opportunities at home is referred to as 
the home literacy environment (HLE), and is known to influence literacy development 
(Burgess, Hecht, & Loningan, 2002; Griffin & Morrison, 1997; Niklas & Schneider, 
2013; Sénéchal & LeFevre, 2014). Besides HLE, both phonological and cognitive 
skills are considered as major prerequisites in literacy development of typically 
developing children (TD), and these relationships are relatively well established 
(e.g., Lonigan, Burgess, & Anthony, 2000; Oakhill & Cain, 2012; Petersen, Allen, & 
Spencer, 2014). Far less well-understood is the interplay between the HLE and the 
development of literacy skills of children with intellectual disabilities (ID). Children 
with ID often struggle with general language- and cognitive disorders, leading to 
phonological disabilities, which hamper the development of early literacy acquisition 
(Dahlin, 2011). Research on the intricate relationship between HLE and early literacy 
development in groups of children with ID is scarce. It is generally known that HLE 
positively affects literacy-related outcomes in children with ID (Carlson, Bitterman, 
& Jenkins, 2012; Ricci, 2011; Sawyer et al., 2014; Tichnor-Wagner, Garwood, 
Bratsch-Hines, & Vernon-Feagans, 2015). However, it remains unclear what the 
specific and unique contributions of HLE are related to the development of early 
literacy skills in children with ID. Therefore, the present study aimed to examine how 
HLE relates to gains in early literacy skills in children with ID.
 
Home Literacy Environment in Typically Developing Children
In the last decades, research interest in the influence of HLE on literacy 
development has increased. For example, Griffin and Morrison (1997) found that 
measures of home literacy predicted unique variance in kindergarten and second-grade 
literacy skills. In their longitudinal study, Sénéchal and LeFevre (2014) elaborated on 
the relationships between literacy acquisition and HLE. They described a theoretical 
framework (the Home Literacy Model), in which home literacy is divided in two 
components: informal literacy experiences, wherein print is not the main focus of 
interest during parent-child interaction, and formal literacy experiences, wherein print 
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is the main focus of interest during parent-child interaction. According to the Home 
Literacy Model, informal literacy relates to oral language development, whereas 
formal literacy experiences tap into the mastery of textual language representations 
and grapheme-phoneme connections, to eventually become fluent readers (Sénéchal 
& LeFevre, 2014; Skwarchuk, Sowinksi, & LeFevre, 2014). The National Early 
Literacy Panel (2008) found informal activities to be effective for conceptual 
knowledge about print, but not for alphabetic knowledge and phoneme awareness. 
Parent instruction, which can be seen as a formal activity, had a positive effect on 
both early literacy and reading skills. Besides these HLE experiences encountered 
by the child, the model includes the perceptions, attitudes, beliefs or expectations 
of parents that can foster children’s literacy development, and can be seen as an 
important factor in home literacy research (e.g., Dobbs-Oates, Pentimonti, Justice, 
& Kaderavek, 2015; Galper, Wigfield, & Seefeldt, 1997; Martini & Sénéchal, 2012; 
Stephenson, Parilla, Georgiou, & Kirby, 2008).
Burgess et al. (2002) related HLE to literacy-related skills in a group of 4 and 5 
year old children in a one-year longitudinal study. An HLE survey was completed by 
parents at Time 1. A distinction was made between active and passive home literacy 
elements, with active elements related to parental involvement in literacy activities 
and passive elements being, for instance, the number of children books at home. 
It was found that the active elements were more likely to influence literacy outcomes 
than the passive elements of home literacy. However, Stephenson et al. (2008) found 
that for kindergartners, the number of books at home correlated with word reading, 
indicating that passive elements can be beneficial for early literacy acquisition too. 
Furthermore, HLE significantly related to oral language, phonological sensitivity, 
letter knowledge, and word decoding, and these relationships still existed after the 
addition of nonverbal IQ and vocabulary. In a similar vein, Niklas and Schneider 
(2013) showed that HLE accounted for unique variance in early literacy skills 
(especially phonological awareness) from kindergarten until the end of Grade 1, 
while controlling for autoregressive effects (i.e., the effect of a variable measured at 
kindergarten that is related to the same variable in Grade 1). In all, aforementioned 
research thus showed that HLE positively influences early literacy development, 
with continuous impact on reading later on. Especially formal literacy activities 
have a positive effect on early literacy acquisition, as well as both active and passive 
elements of home literacy.  
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Home Literacy Environment in Children with Intellectual Disabilities
There is only limited research on the development of word reading in children 
with ID and its relationship with HLE. A large part of this research was conducted 
on children with Down Syndrome (DS). Al Otaiba, Lewis, Whalon, Dyrlund, and 
McKenzie (2009) investigated the HLE of young children with DS, and found that 
the HLE of children with DS did not differ from the HLE of TD children. Ricci (2011) 
elaborated on this study by comparing the HLE of pre-school aged children with DS 
to school-aged children with DS and TD children age matched with the younger DS 
group (aged 3 – 6 years). It was found that parents of school-aged children with DS 
had a similar HLE and executed a similar amount of literacy activities compared 
to parents of TD children. Parents of pre-school aged children with DS, however, 
exerted a less rich HLE compared to the other groups. It was concluded that these 
results were encouraging for children with disabilities, since parents appear to adjust 
their HLE to the developmental needs of their children. 
There are only a few studies that focused on HLE of children varying in ID. 
Marvin (1994) found that preschool children with single or multiple disabilities 
perceived less supportive and stimulating HLEs compared to nondisabled peers. 
Peeters, Verhoeven, De Moor, Van Balkom, and Van Leeuwe (2009) investigated a 
group of children with Cerebral Palsy, and found three HLE variables to be related 
to reading precursors and reading skills. These variables were all conceptualized as 
active elements of home literacy (i.e., parental literacy mediation, child story- and 
word-orientation activities). Finally, Van der Schuit, Peeters, Segers, Van Balkom, 
and Verhoeven (2009) found 15 HLE factors, divided over four HLE topics of interest 
(being child literacy interest, child literacy activities, parental activities, and parental 
literacy materials) that related to literacy skills in a heterogeneous group of 4 to 5 
year old children with ID. They found that these children experienced disadvantages 
in literacy experiences, and showed less interest in storybook reading activities than 
their mental age-matched peers without disabilities. Once children with ID started 
to show better receptive and productive language skills, they were more actively 
involved with literacy materials at home. To conclude, from the small amount of 
research on children with ID in various populations and in heterogeneous groups of 
children with ID, there is evidence that HLE is important for literacy development of 
children with ID with various etiologies. 
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Results are not congruent, however, as to whether the HLE of children with 
ID with various etiologies differs to that of TD children. Contrary to Marvin (1994), 
research also concluded that there are no differences between the HLEs in the two 
groups (e.g., Breit-Smith, Cabell, & Justice, 2010; Rashid, Morris, & Sevcik, 2005). 
Another factor is important to take into consideration, namely parental expectations 
of the child its literacy level. Parental expectations of a child’s literacy level are an 
important prerequisite for proper use of literacy materials, with correct expectations 
leading to more suitable literacy activities between parents and their child (Martini & 
Sénéchal, 2012; Stephenson et al., 2008). For children with ID, literacy expectations 
on the long term are difficult to interpret (Peeters, Verhoeven, Van Balkom, 
& De Moor, 2009; Van der Schuit et al., 2009). For example, Van der Schuit et al. 
(2009) showed that 69% of parents of children with ID indicated that they did not 
know what to expect of their child’s future literacy level, and those parents that 
did have a certain expectation often had lower expectations than parents of TD 
children. Furthermore, children with ID may be underestimated by their caregivers 
concerning their literacy skills, which may result in less engagement of the child in 
HLE activities (Johnson, Bornman, & Alant, 2010). Children with ID are therefore 
at risk for less participation in literacy activities compared to TD children (Smith, 
2005). Johnson et al. (2010) stressed that it is important to encourage parents to 
be not only actively engaged in reading activities with their children, but that the 
response of their child during literacy activities is important in order to tailor the 
literacy materials and activities to the child’s individual needs. This implies that not 
only parental expectations related to future literacy levels of children are important 
for literacy development, but that parental literacy estimations at a particular moment 
can also be feasible construct in literacy development of children (Aunola, Nurmi, 
Niemi, Lerkkanen, & Rasku-Puttonen, 2002). 
 
Literacy Acquisition in Typically Developing Children versus Children with ID
The processes behind early literacy acquisition within TD populations 
are relatively well established (Lonigan et al., 2000; Oakhill & Cain, 2012). 
There is a large amount of research focusing on the start of learning to read and 
investigating the factors related to this process. Ehri (2005/2014) divided the 
development of learning to read by means of sight word reading into several 
hierarchical phases. Important in these phases is the development of phonological 
awareness and letter knowledge (Melby-Lervåg, Halaas Lyster, & Hulme, 2012), 
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which influence grapheme-phoneme connections that are necessary for decoding 
words (Ehri, 2005). 
Although research on literacy acquisition in children with ID is relatively 
scarce, research stated that children with ID were able to acquire early literacy 
skills in comparable ways to TD children (Wise, Sevcik, Romsky, & Morris, 
2010), implying that the processes behind typical literacy acquisition, as well as the 
predictors of literacy acquisition, may also apply to children with ID. Van Tilborg, 
Segers, Van Balkom and Verhoeven (2014) noted, however, that children with ID 
lag behind in their literacy acquisition. They found that phonological awareness, 
which is known to be one of the most important predictors of later word reading, 
was hampered in most children with ID in the early years of literacy acquisition. 
The Present Study
Although the theoretical framework of literacy acquisition for TD children 
and the role of HLE seems quite clear, the relationships between HLE and early 
literacy acquisition in children with ID are still less well understood. Various 
elements of HLE can play an important role in stimulating early literacy skills such as 
phonological awareness, which is a prerequisite for children to become functionally 
literate. Therefore, the present research aimed to find out whether the HLE benefits 
gain in early literacy skills over a one-year period. We compared a heterogeneous 
group of children with ID to a group of TD children, and investigated the impact of 
HLE on gains in children’s early literacy skills, in an attempt to provide insight into 
the unique contributions of HLE on early literacy development in children with ID. 
It was hypothesized that although the HLE of children with ID would not differ from 
TD children (Breit-Smith et al., 2010; Rashid et al., 2005), caregivers of children with 
ID would estimate their child’s literacy level lower than caregivers of TD children. 
We focused on parental estimations since these estimations can be a proximate 
measure of parental expectations. It was expected that both parental estimations of 
their child’s literacy level, as well as the HLE of children with ID would influence 
gains in early literacy skills, which is known to occur in TD children (Burgess et al., 
2002; Martini & Sénéchal, 2012; Niklas & Schneider, 2013). 
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However, it is important to note that Sénéchal and LeFevre (2014) previously 
found that HLE did not predict the growth of literacy outcomes once the autoregressor 
variable was taken into account. To control for autoregression effects, children were 
tested two times within a one year period. We used a test battery to assess important 
early literacy variables, and HLE was assessed by a self-administered questionnaire 
filled out by parents or caregivers, focusing on both informal and formal literacy 
activities, as well as on both active and passive HLE elements. The HLE factors and 
the early literacy skill at the first measurement were related to the early literacy skill 
at the second measurement, and the influence of HLE on the gain of early literacy 
skills was further investigated using moderated mediation analyses.
 
Method
Participants
Participants were TD children and children with ID and their primary 
caregivers. The TD children in this study were selected via their regular primary 
schools and were entered in the study if they met the following inclusion criteria: 
age between 5;6 and 6;6 years at Wave 1, a normal or corrected-to-normal vision, 
not being deaf or hard-of-hearing, and Dutch as native language. Since TD children 
attended regular primary school, and did not show any severe learning problems, 
they were expected to possess an IQ within the normal range. Children with ID were 
selected from special education schools in the Netherlands. The inclusion criteria for 
children with ID to participate in the present study were that the IQ ranged from 50 
to 75, in so possessing an indication of attending special education in the Netherlands 
(for further details on Dutch Special Education policy, see Pesco et al., 2016). 
All children approximately attended the same amount of time at school.
Research was conducted in accordance to the norms of the ethical research 
committee of the Radboud University. Moreover, the grant application for this 
research was approved by the Royal Kentalis, a care organization for people with 
disabilities. Primary caregivers were asked to fill out an informed consent form for 
their child to participate in the study, to ascertain that their child matched the criteria 
described above. 
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Parents/caregivers received a letter in which they were asked to fill out a web-
based questionnaire related to HLE and the literacy estimations of their children, 
which would take them approximately 30 to 40 minutes to complete. Two reminders 
were sent, and a response rate of 68.9% for parents/caregivers of TD children and 
52.9% for parents/caregivers of children with ID was achieved. In the questionnaire, 
demographics were asked and the educational degree of both parents/caregivers was 
measured, using a 9-point Likert scale, ranging from primary school (1) to holding 
a university degree (9), and was used as an index of the socio-economic status 
(SES). In the TD group, the questionnaire was filled out by the mother (88.2%), 
father (3.9%), together (5.9%), and by one parent household (2.0%). In the ID group, 
the questionnaire was filled out by the mother (77.8%), father (7.4%), or together 
(14.8%). All children of caregivers who filled out the questionnaire were included 
in the present study. This resulted in 27 filled out questionnaires of children with 
ID (22 boys, 5 girls, Mage= 87.8 months, SD= 5.5) and 51 filled out questionnaires 
of TD children (21 boys, 30 girls, Mage= 81.5 months, SD= 3.7), who were assessed 
longitudinally over a one year period (two test waves) on a large test battery related 
to early literacy acquisition. Wave 1 took place between March and November, 
and Wave 2 was conducted one year later. The SES differed between the two 
groups (MTD = 7.52, SD = 1.20 vs. MID = 6.41, SD = 2.09; t(35.33) = 2.55, p = .02, 
d = .72), on a 9-point scale, with a score of 6 indicating ‘high school’ finished, a score 
of 7 ‘intermediate vocational education’ finished, a score of 8 ‘higher vocational 
education’ finished, and a score of 9 ‘university’ finished. Although SES differed 
between the two groups, both groups were, on average, above the average SES level 
in the Netherlands (Van Bergen, van Zuijen, Bishop, & de Jong, 2016).
 
Materials
Word Decoding (WD). The level of word decoding was measured by an 
adapted and shortened version of the Leerling- en Onderwijs Volgsysteem Technisch 
Lezen Groep 3 [Student- and Educational Tracking System Technical Reading Grade 
1] (Jongen, Krom, & Roumans, 2009). For longitudinal purposes, this task was 
chosen since it aims at the technical reading level of children in the middle of Grade 
1 (which was during Wave 2). A child saw a picture and five words that minimally 
differed from each other next to the picture. The child was asked to read these words 
and point at the word that matched the picture. Words increased in difficulty, starting 
with simple CVC words and ending with multiple syllable words. A total of 40 items 
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was presented. The task was terminated either after 5 minutes or if the child made 
four consecutive errors. Reliability of the Word Decoding task was high (Cronbach’s 
α = .97).
Letter Knowledge (LK). To examine letter knowledge (letter-sound 
correspondence), the letter knowledge task from the Screeningsinstrument Beginnende 
Geletterdheid (Diagnostic Instrument for Emerging Literacy; Vloedgraven, Keuning, 
& Verhoeven, 2009) was used. Four graphemes were presented on a computer screen, 
and the computer voice called out one single grapheme (or digraph). The child had to 
point to the correct grapheme on the screen. Five practice items preceded 34 critical 
items, and low-frequency letters in the Dutch language (the letters [c], [x], [q], and 
[y]) were not included. Reliability of the receptive letter knowledge task was high 
(Cronbach’s α = .93).
Phonological Awareness (PA). Phonological awareness was measured with 
a computer test called Screeningsinstrument Beginnende Geletterdheid (Diagnostic 
Instrument for Emerging Literacy; Vloedgraven, Keuning, & Verhoeven, 2009). 
In this task, four subtests of phonological awareness were assessed, namely 
rhyme, phoneme identification, segmentation, and deletion. In these four subtasks, 
the children saw three pictures, which were called out by a computer voice. First, 
an explanation for each task was given, followed by two practice items. If the child 
was able to perform these practice items, 15 critical items were presented. In the rhyme 
task, the child was asked to point at the picture that rhymed with a word that was given 
by the computer voice. In the phoneme segmentation task, the computer voice called 
out the phonemes of a word, and the child had to point to the picture that matched 
the word. In the phoneme identification task, the child had to point to the picture that 
started with the same sound as the word that was produced by the computer voice. 
In the phoneme deletion task, the child had to delete a phoneme from a word that was 
called out by the computer voice. After deletion of a phoneme, a new word could be 
produced, and the child had to point to the picture that matched this new word (e.g. 
druif [grape], minus /r/ makes duif [dove], and the child had to point to the picture of 
a dove). The reliability of each independent task was acceptable (Cronbach’s α > .77).
HLE questionnaire. The HLE was measured with an extended version of 
an HLE questionnaire used in previous studies by Peeters et al. (2009) and Van der 
Schuit et al. (2009). Since the focus of the present study was on (early) literacy 
skills, mostly formal literacy experiences at home were investigated (Sénéchal & 
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LeFevre, 2014), since these experiences tap into print, stimulating the grapheme-
phoneme connections that need to be established in learning to read. Both active and 
passive home literacy questions were asked (i.e., frequency of book use is seen as 
active element, whereas the number of books present at home is a passive element; 
Burgess et al., 2002). Although active elements are thought to relate more strongly 
to literacy skills in children with ID, passive elements were taken into consideration 
too. Furthermore, we took the parental estimations of their child’s literacy level into 
account, since this could positively influence the HLE for both TD children (Martini 
& Sénéchal, 2012), and children with special needs (Johnson et al., 2010). We decided 
to ask for estimations, and not expectations, as the latter has previously been shown 
to be very difficult for parents of children with ID (e.g., Van der Schuit et al., 2009), 
leading to data that is not interpretable. The questionnaires were composed of both 
multiple choice items on a Likert scale, and closed questions on a nominal yes/no 
scale. 
To investigate the three different domains of the HLE questionnaire, 
the questionnaire data were analyzed. First, missing data analysis (Little’s MCAR 
test) on the questionnaire revealed that the data were missing completely at random, 
χ²(1602) = 1641.27, p = .24, which made further analysis of the data possible. 
Then, the data were tested for normality, and skewed items (i.e. skewness < -1, or 
>1) were excluded from further analysis. Then, principal components analysis with 
varimax rotation was used to separate factors of home literacy. The Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy was used to determine whether the 
factors obtained were distinct and reliable, and the KMO measure needed to be 
> .60 for at least mediocre reliability of the factors. Anti-image correlations for each 
individual item needed to exceed r >.50, and items below .50 were excluded. In total, 
three factor analyses were done, focusing on parental child-literacy estimation, active 
elements, and passive elements. The number of factors within each analysis extracted 
were finally determined by either eigenvalues greater than one, or by interpreting the 
scree plot (Field, 2005), leading to three factor analyses yielding a minimum of 40.8% 
of explained variance. Factor loadings ≥ .40 were interpreted as salient loadings. 
The three factor analyses resulted in five home literacy factors, and were used as 
predictor measures in the moderated mediation analyses. 
Parental report of child literacy estimations (CLE) consisted of one home literacy 
factor (i.e., estimations of phonological awareness constructs), with 11 loadings 
related to this factor.
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Home literacy activities consisted of two home literacy factors, namely child-oriented 
literacy activities (i.e., involvement in literacy practice; COLA), with four loadings 
related to this factor, and parent-child joint literacy activities (i.e., jointly singing 
rhyme/nursery songs; PCJLA), with also four loadings related to this factor, and can 
be seen as active HLE elements. 
Home literacy materials consisted of two home literacy factors, namely child literacy 
materials (i.e., number of child books at home; MatC), with four loadings related to 
this factor, and parental literacy materials (i.e., number of novels at home; MatP), 
with also four loadings related to this factor, and can be seen as passive HLE elements.
Results of the factor analyses, as well as the descriptive statistics of each 
HLE item can be found in the Appendix. Some parents did not completely fill out 
the HLE questionnaire, which resulted in a small drop of participants in some HLE 
factors.
 
Procedure
The present study was part of a larger, longitudinal study executed by the 
authors on early literacy development in children with ID. The present paper reports 
the impact of the HLE on this development.All tasks were administered by the first 
author (children with ID) or by trained test-assistants (TD children). All children were 
tested individually in a silent room at their own school. Before testing, a short talk 
was held with the child to make the child comfortable with the experimenter and the 
test environment, and it was explained what the child was going to do. All tasks were 
explained verbally and during all tests, practice items were presented to ensure that 
the child understood the task. Furthermore, feedback on both performance and task 
understanding was provided during all practice items. All tasks could be answered 
non-verbally by pointing or mouse-clicking. If a child was not able to use a computer 
mouse, the child was asked to point to the answer on the computer screen, and the 
experimenter would click the answer that was given. After completing a task, the 
child was rewarded with a sticker on a certificate, and after completion, the certificate 
was given to the child. All children were able to finish all tests, and were all able to 
follow the instructions of the computer tasks. In addition, all tasks were preceded 
with practice items, to make sure that children knew what they were supposed to do.
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Data Analysis
To gain insights in differences between children with TD and children with 
ID, descriptive statistics, and both independent samples t-tests and a MANOVA were 
run on the raw data. Correlations and regression analyses were run to gain insight 
in the role of all predictor variables, using the PROCESS add-on for mediation 
analyses by Hayes (2013) for final analyses. Before performing these analyses, center 
scores were calculated for all variables. Phonological awareness, letter knowledge, 
and word decoding at Wave 2 were determined as the outcome variables. We used 
a Bonferroni-correction for independent correlations, which yielded a significance 
level of p < .005 for each correlation. 
For the phonological awareness model and the word decoding model, 
we combined the data of the TD group and ID group. The home literacy variable 
parental literacy estimations was used as the primary independent variable, and the 
autoregressor (being the corresponding early literacy skills at Wave 1) was entered as 
the mediator variable. Socio-economic status, and the other HLE factors were entered 
as covariates. All other HLE factors were entered once as independent variable, with 
the other factors as covariates, to obtain all indirect effects for each HLE factor. 
Finally, in each analysis, group was entered as moderator variable, to investigate 
the group differences. We performed 5000 bootstrapping samples for bias corrected 
bootstrap confidence intervals. The letter knowledge model was not analyzed, since 
letter knowledge at Wave 2 was at ceiling level for the TD children.
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Results
In Table 1, the descriptive statistics and differences between groups on the 
literacy scores at Wave 2 are shown. TD children outperformed children with ID on 
all early literacy measures. The maximum score on letter knowledge was 34, and a 
(to be expected) ceiling effect occurred in TD children at Wave 2, since letter 
knowledge is then already strongly established. 
 
Table 1  
To investigate whether there were differences in the HLE of children with 
ID versus TD children, a 5 x 2 Multivariate Analysis of Variance was conducted on 
the five HLE factors. Results are shown in Table 2. The only significant difference 
between the HLE factors was found in the parental child literacy estimates. Caregivers 
from TD children estimated the literacy level of their children significantly higher 
than caregivers of children with ID. Neither active (child-oriented literacy activities 
and parent-child joint literacy activities) nor passive (literacy materials child and 
literacy materials parents) HLE elements differed between the groups.
Descriptive Statistics and Independent-samples t-tests between TD Children (n = 51)  
and Children with ID (n = 27) at Wave 2. 
 
Note: *** p < .001; Range Phonological Awareness (PA) = 0 – 60; Range Letter Knowledge  
(LK) = 0 – 34; Range Word Decoding (WD) = 0 – 40. All ranges show possible scores for  
each variable.  
Wave 1 Wave 2
Variable TD ID TD ID
M (SD) M (SD) M (SD) M (SD) t d
PA 42.98 (7.32) 24.44 (3.98) 53.12 (4.31) 27.52 (9.38) 13.45*** 3.99
LK 25.45 (7.40) 15.52 (7.73) 33.71 (.58) 18.15 (9.94) 8.13*** 2.70
WD 7.73 (4.71) 2.63 (5.55) 24.63 (8.79) 4.89 (7.50) 10.41*** 2.39
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Table 2
Next, correlations were calculated between all child literacy variables and 
HLE factors for both groups of children. As can be seen in Table 3, there were 
strong and significant relationships between the mutual child variables. For the TD 
group, the correlations with letter knowledge at Wave 2 were not taken into account 
because of a ceiling effect on this task. In children with ID, there were no significant 
relationships with phonological awareness at Wave 1 and the other child variables, 
but for the other early literacy skills, autoregressive effects from Wave 1 to 2 were 
shown, indicating the importance of gains of literacy skills over time. When looking 
at the relationships between the HLE factors and the child variables, the child literacy 
estimations of the caregivers were all related to the early literacy skills at Wave 1 in 
the TD group. For children with ID, however, child-oriented literacy activities were 
correlated with letter knowledge at Wave 1, and with word decoding at both Wave 1 
and 2. Furthermore, child literacy materials significantly correlated with both early 
literacy skills at Wave 1 and 2. Finally, SES did not correlate with all variables except 
for literacy materials of the parent in both groups, with higher SES related to more 
parental literacy materials present at home.
Analysis of Variance on the HLE Factor Scores between TD Children (n = 48) and Children  
with ID (n = 22) 
TD ID F η²p
HLE Factor M (SD) M (SD) (1, 70)
Parental Child Literacy Estimates .54 (.73) -.80 (.74) 49.89** .423
Child-Oriented Literacy Activities .04 (.88) .01 (1.18) .01 .000
Parent-Child Joint Literacy Activities -.15 (1.02) .19 (.90) 1.80 .026
Literacy Materials Child .03 (.87) -.04 (1.31) .06 .001
Literacy Materials Parents .14 (1.02) -.26 (.98) 2.39 .033
Note: ** p < .001
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To investigate whether the HLE was related to the gains in literacy skills, 
we tested whether the effect of one of the HLE factors was related to the early 
literacy outcome at Wave 2 (total effect), and whether this effect was mediated by the 
autoregressor (indirect effect). We used the PROCESS program for SPSS by Hayes 
(2013) for interpretation of possible mediation. 
As mentioned in the data-analysis, we ran two mediation models with 
phonological awareness and word decoding at Wave 2 as dependent variable. 
Since letter knowledge at Wave 2 reached ceiling levels in TD children, no mediation 
model was interpreted for this variable. From the correlation matrix, however, 
child-literacy estimations significantly correlated with letter knowledge at Wave 1, 
r = .40, p <.01, with higher parental estimations related to higher letter knowledge in 
kindergarten. 
We ran a moderated mediation model (Model 8; Hayes, 2013) to investigate 
the relationships between HLE and gains in phonological awareness and word 
decoding in both groups, being the dependent variables. Results are shown in Table 
4 and 5, and visualized in Figure 1 and 2. The explained variance of the total effect 
model was R2= .86 for phonological awareness and R2= .74 for word decoding.  First 
of all, all HLE factors were related to the dependent variable at Wave 1 (a). Next, 
the autoregressor b (dependent variable at Wave 1 to dependent variable at Wave 2) 
was significant (all p’s <.01) for both groups on both dependent variables. Finally, all 
HLE factors were at first directly related to word decoding at Wave 2 (c) and then 
indirectly (ab).
The only HLE factor related to a gain in phonological awareness was child 
literacy estimations, and is therefore the only factor summarized in Table 4 and shown 
in Figure 1. Moderation analysis showed that the variable child-literacy estimations 
was only significant in the TD group, a3CLE = -6.046, p = .006. Moreover, there was 
a significant indirect effect of child-literacy estimations to phonological awareness at 
Wave 2 through phonological awareness at Wave 1, aCLEb = 1.823, CI [.80; 3.40].
For the word decoding model (Figure 2), child-literacy estimations were 
significantly related to word decoding at Wave 1, but moderation analysis found 
this relationship only to be significant in the TD group, a3CLE = -4.152, p = .013. 
Moreover, there was a significant indirect effect of child-literacy estimations to word 
decoding at Wave 2 through word decoding at Wave 1, aCLEb = 2.06, CI  [.80; 3.93]. 
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Furthermore, child literacy materials directly related to word decoding at Wave 2 in 
the TD group, c’1MatC = 3.29, p = .007. There were no other significant relationships 
between HLE and word decoding. 
Although the factor child-literacy materials was not significantly related to 
word decoding at Wave 1 for both groups combined, the analyses revealed that there 
was a significant moderation between child-literacy materials and word decoding 
at Wave 1 for children with ID, a3MatC = 2.411, p = .03. Furthermore, there was 
a significant indirect effect of child-literacy materials to word decoding at Wave 2 
through word decoding at Wave 1, aMatCb =2.39, CI [.07; 4.87].  Finally, whereas 
we did not find a significant interaction between child-oriented literacy activities and 
word decoding at Wave 1, a3COLA = 2.028, p = .10, we did find a significant indirect 
effect of child-oriented literacy activities to word decoding at Wave 2 through word 
decoding at Wave 1 for children with ID, aCOLAb = 2.39, CI [.03; 6.06]. 
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Results of the Mediation Analyses between HLE and Phonological Awareness and Word Decoding 
Independent Mediator Dependent
M (PA1) M (PA2)
Coeff. SE p Coeff. SE p
CLE a1 5.720 1.193 <.001 c’1 -.920 1.248 .464
PA1 b .319 .115 .007
Group a2 -16.630 2.188 <.001 c’2 -20.108 2.727 <.001
CLE x GROUP a3 -6.046 2.098 .006 c’3 -.521 1.991 .795
R2 = .771 R2 = .860
F(8, 60) = 25.234, p <.001 F(9, 59) = 40.387, p <.001
M (WD1) M(WD2)
Coeff. SE p Coeff. SE p
CLE a1 2.585 .938 .008 c’1 1.156 1.523 .451
WD1 b .797 .196 <.001
GROUP a2 -5.098 1.721 .004 c’2 -16.046 2.818 <.001
CLE x GROUP a3 -4.152 1.615 .013 c’3 -2.895 2.604 .271
R2 = .451 R2 = .744
F(8, 61) = 6.266, p < .001 F(9, 60) = 19.370, p <.001
M (WD1) M (WD2)
Coeff. SE p Coeff. SE p
MatC a1 .164 .774 .833 c’1 3.291 1.170 .007
WD1 b .926 .194 <.001
GROUP a2 -3.475 1.632 .037 c’2 -14.565 2.557 <.001
MatC x GROUP a3 2.412 1.083 .030 c’3 -1.955 1.702 .255
R2 = .437 R2 = .744
F(8, 61) = 5.927, p <.001 F(9, 60) = 19.405, p <.001
M (WD1) M (WD2)
Coeff. SE p Coeff. SE p
MatP a1 .410 .737 .580 c’1 .394 1.086 .718
WD1 b .858 .188 <.001
GROUP a2 -3.605 1.696 .038 c’2 -14.821 2.583 <.001
MatP x GROUP a3 -.721 1.265 .571 c’3 -.921 1.864 .623
R2 = .395 R2 = .740
F(8, 61) = 4.976, p <.001 F(9, 60) = 18.948, p <.001
Table 4
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Home Literacy Environment and literacy skills in children with ID
 
Note: CLE = Child-Literacy Estimations; MatC = Child-Literacy Materials;  MatP = Parental Literacy Materials; 
PCJLA = Parent-Child Joint Literacy Activities; SES = Socio-Economic Status; WD = Word Decoding 
M (WD1) M (WD2)
Coeff. SE p Coeff. SE p
COLA a1 .618 .804 .445 c’1 .829 1.204 .494
WD1 b .903 .191 <.001
GROUP a2 -3.455 1.661 .042 c’2 -14.669 2.562 <.001
COLA x GROUP a3 2.028 1.226 .103 c’3 -1.781 1.867 .344
R2 = .418 R2 =.743
F(8, 61) = 5.471, p <.001 F(9, 60) = 19.231, p <.001
M (WD1) M (WD2)
Coeff. SE p Coeff. SE p
PCJLA a1 .935 .692 .181 c’1 -1.255 1.031 .228
WD1 b .866 .188 <.001
GROUP a2 -3.506 1.733 .048 c’2 -14.887 2.629 <.001
PCJLA x GROUP a3 -.161 1.404 .909 c’3 .663 2.061 .749
R2 = .392 R2 = .739
F(8, 61) = 4.912, p <.001 F(9, 60) = 18.888, p <.001
M (WD1) M (WD2)
Coeff. SE p Coeff. SE p
SES a1 .272 .648 .676 c’1 .262 .957 .785
WD1 b .853 .189 <.001
GROUP a2 -3.619 1.669 .036 c’2 -14.840 2.581 <.001
SES x GROUP a3 -.651 .750 .389 c’3 -.661 1.112 .555
R2 = .399 R2 = .740
F(8, 61) = 5.064, p <.001 F(9, 60) = 18.994, p <.001
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CLE
MatC
COLA
WD1
WD2
a1CLE
b
a1MatC
c’1MatC
aCLEb
aMatCb
aCOLAb
a2MatCa2CLE
Note: CLE = Child-Literacy Estimations; MatC = Child-Literacy Materials; COLA = Child-Oriented Literacy 
Activities; PA = Phonological Awareness; WD = Word Decoding. Thick lines represent a significant relationship, 
dashed lines represent non-significance. Exact meaning of abbreviations and corresponding values are shown in 
Table 4 and 5.
Figure 2: Mediation model of home literacy environment on word decoding
PA1
CLE PA2
c’ = n.s.
Note: CLE = Child-Literacy Estimations; PA = phonological awareness. Thick lines represent a significant 
relationship, dashed lines represent non-significance. Exact meaning of abbreviations and corresponding values
are shown in Table 4 and 5.
a1CLE
a2CLE
aCLEb
b
Figure 1: Mediation model of home literacy environment factors on phonological awareness
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Table 5
Home Literacy Environment and literacy skills in children with ID
Model Coefficients for the Indirect and Direct Effects on Gains in Phonological Awareness and Word Decoding 
Note: W = moderator, * = significant indirect effect. PA = phonological awareness, WD = word decoding 
Indirect Effect Direct Effect
DV
W Effect 95% Bias-Corrected 
Bootstrap CI
Effect 95% Bias-Corrected 
Bootstrap CI
p
PA
CLE TD 1.823 0.798 – 3.402* -0.920 -3.418 – 1.578 .464
ID -0.104 -1.051 – .794 -1.441 -4.553 – 1.672 .358
WD
CLE TD 2.060 0.799 – 3.933* 1.156 -1.891 – 4.202 .451
ID -1.249 -4.005 – 0.513 -1.739 -5.895 – 2.417 .406
MatC TD 0.152 -1.251 – 1.584 3.291 0.951 – 5.631 .007
ID 2.386 0.072 – 4.872* 1.336 -1.246 – 3.918 .305
COLA TD 0.558 -.926 – 2.253 0.829 -1.580 – 3.237 .494
ID 2.389 0.030 – 6.057* -0.953 -3.829 – 1.923 .510
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Discussion
The present study compared children with ID to TD children on their HLE, and 
investigated the impact of HLE factors on children’s early literacy skills. It was tried 
to provide insight into the unique contributions of HLE on early literacy development 
in children with ID. Results showed that children with ID had a comparable HLE 
to TD children, although they grew up in slightly lower SES families. Caregivers 
of children with ID estimated their child lower on their literacy level compared to 
caregivers of TD children. Furthermore, parental child-literacy estimations in TD 
children were found to be related to all early literacy measurements at Wave 1. 
Importantly, the influence of HLE on gains in early literacy skills of children 
with ID differed as compared to TD children. Whereas the relationship between 
parental child-literacy estimations and phonological awareness in first grade was 
indirectly influenced through phonological awareness in kindergarten in TD children, 
there were no significant relationships between other HLE factors and phonological 
awareness in children with ID. The absence of these relationships can be explained by 
findings from the National Early Literacy Panel (2008), who did not report evidence 
for an effect of informal HLE activities on both phonological awareness and letter 
knowledge. However, other HLE factors were involved in predicting a gain in word 
decoding between both groups. 
In TD children, parental child-literacy estimations related to a gain in word 
decoding indirectly, and the HLE factor child-literacy materials was directly related 
to word decoding at Wave 2. In children with ID, child literacy materials related to 
word decoding at Wave 1, and it also indirectly related to word decoding at Wave 
2 through word decoding at Wave 1. Finally, we found that child-oriented literacy 
activities indirectly related to word decoding at Wave 2 through word decoding 
at Wave 1. This indirect effect, however, was present without significance of the 
main effect of child-oriented literacy activities to word decoding at Wave 1, and so 
great care must be taken with the interpretation of this indirect effect. These findings 
indicate the importance of HLE in typically developing readers, and also suggest 
other HLE variables to benefit early literacy skill acquisition in children with ID. 
Comparisons between the two groups revealed that, although children with 
ID lagged behind in early literacy skills compared to TD children, there were no 
differences between the groups on the two active elements (child-oriented literacy 
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activities and parent-child joint literacy activities) and two passive elements (child 
literacy materials and parent literacy materials) of HLE, which is in line with findings 
in previous research (Breit-Smith, Cabell, & Justice, 2010; Rashid, Morris, & Sevcik, 
2005). A home literacy environment with literacy activities being executed and literacy 
materials abundantly being available is beneficial for the development of literacy, and 
the fact that there are no differences in HLE between children with ID and TD children 
implies that caregivers of children with ID stimulate the literacy development of 
their child just as caregivers of TD children. However, and not surprising, parental 
child-literacy estimations were lower for children with ID than for TD children. It is 
important to note that there were no significant relations between the child-literacy 
estimations in children with ID and the early literacy skills measured at Wave 1 and 2. 
These relationships were present in TD children, indicating that caregivers of TD 
children have more reliable estimations about the literacy capacities of their children 
than caregivers of children with ID. 
The importance of HLE for both groups was confirmed in the mediation 
analyses between HLE and the development of early literacy skills. In TD children, 
the relationship between parental child-literacy estimations and phonological 
awareness at Wave 2 was indirectly affected through phonological awareness at Wave 
1. This effect can be explained by the nature of the parent child-literacy estimation 
questions that were asked, which all questioned directly into phonological awareness 
constructs, grapheme-phoneme connections and letter knowledge (Stephenson et al., 
2008). Phonological awareness and letter knowledge are two of the most important 
predictors of learning to read (Melby-Lervåg et al., 2012), which makes it important 
to correctly estimate those early literacy skills by the parent. Parental child-literacy 
estimations can be seen as a proximate measure of parental expectations, wherein 
parents determine the literacy level of the child at a particular moment, without 
extrapolating to expectations on the long term. In all, it can be concluded that parental 
child-literacy estimations are important for literacy acquisition in both TD children 
and in children with ID, in line with previous findings (Martini & Sénéchal, 2012)
Different relationships between HLE and literacy were found for children 
with ID. There appeared to be no relationships between HLE and both phonological 
awareness and letter knowledge. Children with ID lag behind in their literacy skills, 
and they might not be able to apply the principles of phonological awareness when 
they are at kindergarten age (Van Tilborg et al., 2014). Difficulties in phonological 
awareness thus may explain both the lack of the autoregressive effect, as well as the 
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absence of the relationship between the HLE factors and phonological awareness. 
Because of difficulties in early literacy, it appears to be hard for caregivers of children 
with ID to predict the literacy level of their child. If caregivers cannot generate a proper 
view on the literacy level of their child, this might lead to inconsistencies between 
the HLE activities provided to the child and the child’s readiness concerning literacy 
development at that particular moment. In the present study, we found that parental 
estimations did not relate to word decoding at Wave 1 in children with ID, whereas 
this relationship was present in TD children, benefiting gains in word decoding. It can 
be concluded that the difficulties of parents to correctly estimating the literacy level 
of their child can prevent the child to, for example, receive proper literacy material, 
or becoming involved in suitable literacy-activities with their parents (Johnson et 
al., 2010; La Paro & Pianta, 2000). Children with ID show a more disharmonic and 
fragile development of their early literacy skills, which makes the level of literacy 
skills of children with ID rather unpredictable for caregivers. If parents of children 
with ID can more accurately estimate their child’s literacy level, this can be beneficial 
for gains in early literacy skills. Moreover, this may lead to more congruent and 
confident expectations of the parents concerning the future literacy level of the child 
(see also Martini & Sénéchal, 2012). 
It is known that active home literacy elements are more likely to remain 
significantly related to early literacy outcomes at Wave 2 after addition of the 
autoregressor, compared to passive home literacy elements (Burgess et al., 2002). 
However, the present study shows that passive elements (i.e., the amount of child 
literacy materials), can be important for gains in word decoding in children with 
ID. Moreover, although we did not find a significant interaction effect of child-
oriented literacy activities and word decoding at Wave 1, we did find an indirect 
effect on word decoding at Wave 2 through word decoding at Wave 1. We are aware 
that care must be taken in interpreting this indirect effect when the interaction is not 
significant. However, due to the rather small group of children with ID, this result 
might be seen as preliminary evidence that not only the child-literacy materials are 
important for a gain in word decoding, but that this material must also be actively 
used by the child. It can be concluded that, notwithstanding the fact that it is hard to 
estimate the literacy level of a child with ID, providing materials to the child can be 
a first beneficial step in having the child being actively involved in literacy activities 
(Marvin, 1994), which may then positively influence gains in literacy skills.
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There are some limitations in this study that must be taken into consideration. 
Although the response rate of the parents and caregivers was relatively high, 
there were only a limited number of caregivers of children with ID who filled in 
the questionnaire, and some of them did not complete the questionnaire entirely. 
This may have led to absence of certain relationships in the mediation analyses on 
the data of children with ID due to a lack of statistical power. Future research should 
aim to incorporate more participants when HLE is related to the growth in literacy, to 
investigate, for example, the presence of the indirect effect of child-oriented literacy 
activities to word decoding. Second, the questionnaire was constructed based on 
previous research (Peeters et al., 2009; Van der Schuit et al., 2009), which focused on 
kindergarten-aged children with CP and toddlers with ID respectively. Some of the 
questions were related to skills that were already acquired by a majority of children, 
resulting in skewed item distributions, leading to exclusion of items. It is important 
for future research to examine the HLE aspects that are tailored to the approximate 
literacy level of kindergarten-aged children. Particularly, it is advised to expand on 
the effects of parental child-literacy estimation in children with ID, as the present 
study shows the importance of correct child-literacy level estimation in relation to 
gains in word decoding, as was found in the TD group. We also note that in future 
research, not only parental estimations, but also parental expectations need to be taken 
into consideration in an HLE questionnaire. Integrating both parental estimations 
and expectations of a child’s literacy level will shed more insight into the effects of 
parental involvement in literacy acquisition. Finally, future research needs to take 
the severity of the disability into consideration. Whereas HLE is known to influence 
literacy in children with a mild ID (which was the case in the present study), it does 
not in children with moderate- and severe ID, or with multiple disabilities (Carlson 
et al., 2012; Marvin, 1994).
The results of the present study have several implications for children with ID 
and their parents/caregivers, as well as for clinicians. First, results show that aspects 
of HLE account for gains in early literacy skills for TD children, and potentially 
for children with ID as well (in word decoding specifically). Both passive (child 
literacy materials) and active elements (child-oriented literacy activities) may 
influence growth of word decoding in children with ID (Ricci, 2011). This indicates 
that in the HLE of the child, child literacy materials should be both present (passive) 
and actively presented to the child. It is recommended to provide children with 
properly fitting literacy materials- and activities, and to provide these materials and 
activities in a dosed manner. Clinicians can help parents and caregivers of children 
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with ID to choose the proper literacy materials, and to help them to come up with 
relevant literacy activities that can be executed at home. Furthermore, the parental 
child-literacy estimations prove to be important for gains in literacy in TD children. 
If caregivers of children with ID can overcome the difficulties in estimating their 
child’s literacy level, this can be beneficial for gains in literacy skills in children with 
ID too, as was found in TD children (Galper et al., 1997; Stephenson et al., 2008). 
Finally, clinicians, but also teachers of children with ID might shed a clear view on 
the status of the literacy level of the child, and the readiness of the child to start with 
literacy activities (see also La Paro & Pianta, 2000). Discussing this with parents or 
caregivers might help them to provide their children a rich HLE. 
To conclude, the HLE of children with ID can be important in their quest 
towards early literacy acquisition. Our results show that, on top of the autoregressive 
effect, the effect of HLE shows a trend in gains in word decoding. For children with 
ID, it is important that they are provided with literacy materials and activities that are 
tailored to their current literacy level. Clinicians, teachers, but also other people in the 
environment of the child need to carefully determine the literacy level of the child, 
so correct literacy estimations can be drawn by the caregiver. With this particular 
information in mind, caregivers and the HLE of the child can further stimulate the 
growth of early literacy skills for children with ID.
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Appendix
Results of the Factor Analyses of the Three Questionnaires Parental Report of Child Literacy Expectations 
Note: (f) = formal literacy item, (i) = informal literacy item 
Items Factor 1 N M SD
Parental 
Expectations
KMO: .810
Child can subdivide a word in begin- and end rhyme (f) .82 82 .51 .50
Child can combine a word that is subdivided in begin- and 
end rhyme (f)
.77 82 .55 .50
Child can divide a sentence into its constituent words (f) .71 82 .63 .49
Child can divide a word into its constituent syllables (f) .70 82 .72 .45
Child can combine sounds into a word (f) .69 82 .59 .50
Child can play with sounds of a word by making up words 
with the same beginning (f)
.67 82 .55 .50
Child can subdivide a word into its constituent sounds (f) .66 82 .59 .50
Child plays with sounds by changing beginning sounds of a 
word (f)
.63 82 .51 .50
Child couples letters to its constituent sounds (f) .58 82 .65 .48
Child is reading books independently (f) .48 81 .40 .49
Child can distinguish letters from pictures and shapes .06 81 .67 .47
Child is interested and plays with letter materials .01 81 .58 .50
Child knows at least 10 letters of the alphabet (f) .45 81 .67 .47
Child investigates books .09 81 .52 .50
Reliability .907
Eigenvalue 6.603
Percent explained variance 47.16%
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Home Literacy Activities 
 
Note: (f) = formal literacy item, (i) = informal literacy item 
Items Factor 1 Factor 2 N M SD
Child-oriented 
Literacy 
Activities
Parent-child 
Joint Literacy 
Activities
KMO: .631
Child reads a book on its own (f) .77 .06 81 .42 .50
Childs frequency of book use (f) .73 -.02 77 4.00 .78
Child reads a book to the parent (f) .73 .06 81 .31 .47
Child is telling stories to the parent 
(i)
.63 .03 81 3.36 1.14
Child and parent watch educational 
television shows (i)
-.12 .81 82 3.04 1.12
Child and parent play with toys or 
puzzles (i)
.01 .80 82 3.35 1.06
Child and parent read out loud 
letters (f)
.34 .52 82 3.35 1.25
Child and parent rhyme/sing 
together (i)
.36 .51 82 3.28 1.30
Child asks about events in the story .15 -.09 81 .53 .50
Child asks about meanings of 
words in the story
.13 -.14 81 .47 .50
Parent involves the child while 
reading
.15 .37 79 1.99 .71
Parent and child watch movies 
together
.17 .18 81 2.19 1.04
The child is repeating the story 
from memory
.31 .00 81 .42 .50
Reliability .671
Eigenvalue 3.198 2.109
Percent explained variance 24.60% 16.22%
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Home Literacy Materials 
Items Factor 1 Factor 2 N M SD
Child 
Literacy 
Materials
Parental 
Literacy 
Materials
KMO: .744
Amount of letter play material, or keyboard with letters .74 .09 78 2.97 1.11
Number of child books .72 .40 80 2.84 1.25
Number of CD’s, listening books, CD-roms, or other 
digital spoken stories
.61 -.10 79 2.56 1.10
Number of comic books .59 .31 75 2.55 1.52
Number of parent magazines -.28 .75 79 2.61 1.26
Number of parent reading books .38 .74 79 3.49 1.38
Number of parent study books .34 .72 79 2.80 1.46
Reliability .728
Eigenvalue 2.803 1.202
Percent explained variance 40.04% 17.18%
Home Literacy Environment and literacy skills in children with ID
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Abstract
In the present research, early literacy skills (i.e., phonological awareness 
and letter knowledge) as well as their prerequisites (i.e., speech perception, speech 
production, lexical retrieval, verbal short-term memory, and vocabulary) were 
investigated in 11 children with intellectual disabilities who have additional deafness 
or hard of hearing problems (ID-DHH). These children were compared to 11 children 
with intellectual disabilities (ID) without any hearing problems, and matched on 
age, nonverbal reasoning skills, and gender. Children with ID-DHH were found 
to lag behind on the ID group on early literacy skills, as well as in their speech 
perception and speech production and vocabulary, but not on lexical retrieval and 
verbal short-term memory. Furthermore, associations between the prerequisites 
speech perception, speech production and vocabulary, and early literacy suggest the 
development of early literacy for children with ID-DHH to be even more vulnerable. 
The implication of these results is that children with ID-DHH could benefit from 
an environment with a specific focus on the primary modality that children use to 
foster phonological representations. Individually tailored interventions, focusing on 
phonological awareness and letter knowledge, and on modalities that can compensate 
for the hearing problems children with ID-DHH experience, may facilitate their 
development of early literacy skills.
Keywords: early literacy, intellectual disability, hearing loss.
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Exploring early literacy in deaf and hard-of-hearing children  
with an intellectual disability 
A vast amount of research has been conducted on the phonological skills 
involved in literacy acquisition by studying children who are typically developing 
(TD; for a meta-analysis, see Melby-Lervag, Lyster, & Hulme, 2012). From this 
research, it has become clear that there are several important cognitive-linguistic 
prerequisites of early literacy acquisition, as is reflected in phonological awareness 
and letter knowledge. First, cognitive skills such as verbal short-term memory 
and lexical retrieval are involved (NELP, 2008; Wolf, Bowers, & Biddle, 2000). 
Next, both speech perception and speech production can be seen as prerequisites for 
proper early literacy acquisition, and lower speech perception and production  shown 
to result in problems with the acquisition of early literacy (e.g., Chiappe, Glaeser, 
& Ferko, 2007; Mody, Studdert-Kennedy, & Brady, 1995; Stackhouse & Wells, 1997). 
Finally, size and quality of vocabulary also plays an important role in predicting 
early literacy acquisition (Goswami, 2001; Metsala, 1999; Ouelette, 2006). While the 
process of becoming literate seems rather straightforward for most TD children, this 
is not the case for children with an intellectual disability (ID). These children often 
experience problems, deficits, or delays in early literacy acquisition (Coyne, Pisha, 
Dalton, Zeph, & Cook Smith, 2012; Espinosa, 2002). Similarly, children who are deaf 
or hard of hearing experience problems in early literacy acquisition (e.g., Mayberry, 
del Giudice, & Liebermann, 2011; Mayer, 2007; Moeller, Tomblin, Yoshinaga-
Itano, McDonald Connor, & Jerger, 2007; Perfetti & Sandak, 2000; Williams, 2004). 
It is estimated that individuals with ID have approximately 40 to 100 times more 
chance of hearing problems than individuals from a typical population (Carvill, 
2001). Yet, research on early literacy acquisition in children with ID who are deaf 
or hard or hearing (ID-DHH) is scarce (e.g., Erickson & Quick, 2017; Johnson & 
Goswami, 2010). A relatively high incidence in prevalence rates, as well as severe 
developmental and intellectual malfunctioning within this group of children calls for 
specific research in this group. The present study aimed to explore the underpinnings 
of the very beginning of literacy acquisition in children with ID-DHH in comparison 
with a group of children with ID without hearing problems. 
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Early Literacy in Children with ID
Children with ID show deficits in cognitive processing, which is reflected 
by lower levels of reasoning abilities, and problems in verbal short-term memory. 
All these problems negatively influence the start of literacy acquisition. Furthermore, 
it affects the pace in literacy learning, and the final stage of early literacy (word 
decoding) is reached with great difficulty, if at all. It is not even guaranteed that 
children with ID will become at least functionally literate (Erickson, Hanser, Hatch, 
& Sanders, 2009). Research has, however, suggested that the process of early 
literacy acquisition is similar in children with ID and TD children (Dessemontet 
& de Chambrier, 2015; Van Tilborg, Segers, Van Balkom, & Verhoeven, 2018; Wise, 
Sevcik, Romski, & Morris, 2010), with phonological awareness and letter knowledge 
as important predictors of later literacy skills. 
Regarding cognitive-linguistic prerequisites of early literacy skills in children 
with ID, several studies have been conducted. To start, the importance of verbal short-
term memory in early literacy acquisition in children with ID was shown in a study by 
Schuchardt, Maehler, and Hasselhorn (2011). They found short-term memory deficits 
to be related to ID, with severe memory problems involved in children with IQ levels 
below 70. Verbal short-term memory was extremely important in processing acoustic 
information, and limitations in phonological storage in children with ID had a negative 
influence on both early literacy and vocabulary development. Regarding lexical 
retrieval skills, research in populations with ID is very scarce, but it has been shown 
to be related to early literacy in children (Barker, Sevcik, Morris, & Romski, 2013) as 
well as in adolescents and adults with ID (Saunders & DeFulio, 2007; Soltani & Roslan, 
2013). Concerning speech perception and production, Squires, Gillam, and Reutzel 
(2013) showed that both constructs were important contributors to phonological 
awareness in young children with reading problems. To be able to manipulate 
phonemes correctly, it is necessary to detect perceived sounds in an accurate manner, 
and the inability to discriminate between subtle sound differences will inevitably 
lead to phonological awareness problems. The same holds for incorrect speech 
production; having difficulties in speech production (i.e., articulatory errors) leads to 
improper sound substitutions, which makes it more likely to experience phonological 
awareness problems (Squires et al., 2013). In a study with children with cerebral palsy, 
Peeters, Verhoeven, de Moor, and Van Balkom (2009) showed speech production to 
be the most important predictor of phonological awareness, and in turn both these 
variables, along with speech perception, affected early reading success in this group. 
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Finally, vocabulary skills are weak in children with ID (e.g., Abbeduto, 
Warren, & Conners, 2007 in children with Down Syndrome), which can be explained 
by weaker memory skills in children with ID. Moreover, vocabulary is associated 
with various phonological awareness constructs such as rhyme (Wise et al., 2010), 
which is a common finding in TD children too. According to Barker et al. (2013), 
lexical restructuring may also occur in children with ID, which makes the breadth of 
vocabulary an important predictor for early literacy.
 
Early Literacy in Children who are DHH
Irrespective of their ability to acquire early literacy skills such as phonological 
awareness and letter knowledge in pre-kindergarten, children who are DHH 
experience literacy delays (Bergeron, Lederberg, Easterbrooks, Miller, & Connor, 
2009; Lederberg, Miller, Easterbrooks, & Connor, 2014). There appears to be no 
agreement on the influence and effectivity of early literacy skills (and more specifically, 
phonological processing) in learning to read (Leinenger, 2014). Concerning cognitive 
prerequisites of literacy in children who are DHH, research on lexical retrieval is 
limited (for a meta-analysis, see Wang & Williams, 2014). However, recent research 
by Gaines (2016) found relationships between lexical retrieval and literacy outcomes 
in children who are DHH. Although there is evidence that children who are DHH 
can develop early literacy through alternative modalities (Lederberg, Schick, & 
Spencer, 2012), it is not guaranteed that these various modalities actually foster the 
reading ability of children who are DHH, even in those children who have a relatively 
well-developed phonological awareness. In a study by Harris and Moreno (2004), it 
was found that verbal short-term memory was related to reading outcomes in older 
children who are DHH. However, verbal short-term memory was not beneficial for 
younger children who experience phonological awareness delays. It was concluded 
that, in order to develop early literacy, children who are DHH need verbal short-
term memory to enhance phonological processing, in so allowing them access to 
phonology, even if phonological awareness is relatively weak.
There are two opposing views related to the acquisition of early literacy 
in children who are DHH and its role in learning to read. First, according to the 
qualitative similarity hypothesis, phonological awareness is important in learning 
to read for children who are DHH (Cupples, Ching, Crowe, Day, & Seeto, 2014; 
Goldberg & Lederberg, 2015; Johnson & Goswami, 2010; Perfetti & Sandak, 2000), 
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just like in TD children. As a case in point, Colin, Magnan, Ecalle, and Leybaert 
(2007) compared a group of 21 DHH 6-year old children to a group of 21 TD children 
in a longitudinal study on phonological awareness tasks and a word recognition task. 
They found that although phonological awareness was slightly lower in children who 
are DHH, their implicit phonological awareness skills predicted word recognition 
one year later. It was concluded that children who are DHH were able to process 
the rhyme (the hierarchically easiest phonological awareness skill) holistically, since 
specific phonological units did not need to be manipulated. 
This holistic processing is based on phonological representations that are 
developed via multiple modalities like speech-reading, articulatory feedback or 
speech decoding, and residual hearing (Colin et al., 2007; Harris & Moreno, 2006), 
which allow children who are DHH to develop phonological representations (such 
as rhyme) comparable to those in TD children (Leybaert, Bayard, Colin, & LaSallo, 
2015). These phonological representations then enable children who are DHH to 
develop literacy skills (Johnson & Goswami, 2010). However, in case levels of 
phonological awareness and verbal short-term memory are weak (Harris & Moreno, 
2004; Mayer, 2007), additional modalities are needed to support literacy development 
in these children.
Contrary to the qualitative similarity hypothesis, which suggests that the 
development of phonological representations may occur via various representational 
forms, it is also suggested that these mechanisms may even be overstated (e.g., 
Mayberry et al., 2011; Kyle & Harris, 2010; Kyle & Harris, 2011). It may be the 
case that phonological development in children who are DHH solely relates to 
‘hearing’ and speech. It is claimed that alternative literacy strategies, wherein the 
role of phonology is small, are effective as well. Phonological skills may develop as 
a by-product of learning to read, rather than being a predictor of reading itself (Kyle 
& Harris, 2010). Phonology does play a role in learning to read in the early years of 
literacy acquisition in children who are DHH, but reading strategies may change over 
time. This is reflected by the finding that in young children, phonological awareness 
is concurrently correlated to literacy skills, but as they become older, vocabulary 
becomes an important predictor of reading progress as well (Kyle & Harris, 2010). 
Kyle and Harris (2011) also found that the relationship between reading and 
phonological awareness was not only mediated by vocabulary and letter-sound 
knowledge, but also by inner speech or articulatory rehearsal, wherein the movement 
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of the lips can be transferred into internal phonemic patterns to be associated with 
explicitly learned phonological representations (Alegria & Le Chat, 2005; Perfetti & 
Sandak, 2000).These inner speech experiences can be activated as a compensatory 
strategy for children who are DHH in processing speech (Alderson-Day & 
Fernyhough, 2015), but also in reading activities. The influence of inner speech 
diminished, however, when the phonological skills such as auditory processing of 
children who are DHH were strong enough to support reading. These findings indicate 
the role of phonology to be different from typical development in that children who 
are DHH utilize phonological representations in reading once they have established 
a basic reading level, instead of being a prerequisite for later reading (Kyle & Harris, 
2010/2011). 
Whereas the influence of phonology in the acquisition of literacy in children 
with DHH is debatable, it has been found that breadth of vocabulary does have an 
important effect on early literacy in children who are DHH (for a meta-analysis, see 
Luckner & Cooke, 2010). They are delayed in their vocabulary acquisition, which 
negatively influences literacy acquisition. Easterbrooks, Lederberg, Miller, Bergeron, 
and Connor (2008) found that vocabulary scores in children who are DHH predicted 
measures of early literacy and letter knowledge. In all, it can thus be concluded that 
a strong vocabulary basis in children who are DHH can be advantageous for literacy 
acquisition.
 
Early Literacy Development in Children with ID-DHH
Children with ID-DHH encounter problems in literacy acquisition from 
both intellectual and hearing disadvantages, and these problems are multiplicative 
in nature, interacting with each other (Bruce, DiNatale, & Ford, 2008; Knoors & 
Vervloed, 2003). This means that hearing loss enhances learning problems, which 
will affect intellectual functioning, which then leads to problems in (cognitive) 
processing of auditory input (Carvill, 2001; Hindley, 2000). Although prevalence 
rates of ID-DHH show that it is not uncommon to suffer from problems in both 
domains, research on this specific group of people is scarce, certainly within the field 
of literacy acquisition. To our knowledge, only one study investigated on language- 
and communication for students who were ID-DHH (Allgood, Heller, Easterbrooks, 
& Fredrick, 2009), and only two studies investigated literacy acquisition in children 
with ID-DHH (Erickson et al., 2017; Johnson & Goswami, 2010). The study by 
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Johnson and Goswami (2010) initially focused only on a sample of DHH children 
aged between five and 15 years. Within this sample of 78 children who were DHH, six 
children had an IQ in between 70  and 80. Three of these children were reading within 
one standard deviation of the expected reading level for their age, implying that “the 
pattern of relationships for reading, language, and phonological awareness (…) for 
deaf children with average cognitive ability may also apply to deaf children with 
lower cognitive ability” (Johnson & Goswami, 2010, p. 250). However, no additional 
analyses were conducted for the group of children with ID-DHH who were not able 
to read similarly to the expected reading level, nor did the authors provide the scores 
of these children on their phonological awareness, speech perception, or vocabulary 
scores. In a similar vein, Erickson et al. (2017) found only small differences in 
readings skills with weak effect sizes, when comparing children with ID to children 
with ID-DHH, whereas it was expected that hearing loss would have a detrimental 
impact on language skills. An explanation of the absence of strong effects could lie 
in the already mentioned compensatory strategies that children who are DHH apply 
whilst being restricted to auditory language input. 
 
The Present Study
The above review of literature makes clear that there is insufficient knowledge 
on literacy acquisition in children with ID-DHH, specifically in relationship to early 
literacy and its prerequisites. It is not yet clear to what extent the hearing problems 
of children with ID-DHH additionally impact early literacy acquisition. The present 
study will be the first to compare the literacy skills of children with ID-DHH to a 
matched group of children with ID in order to gain insight into important prerequisites 
of early literacy skills. Therefore, measures of phonological awareness constructs, 
letter knowledge, verbal short-term memory, lexical retrieval, speech perception and 
production, and vocabulary were incorporated in the present study. It was questioned 
whether children with ID-DHH lagged behind on the aforementioned constructs 
compared to children with ID (who are already weak on literacy- and literacy-related 
skills), and whether the potential arrears in early literacy were associated with arrears 
in relevant prerequisites. It was hypothesized that children with ID-DHH would score 
lower on phonological awareness and letter knowledge, and on all prerequisite measures 
than the children with ID. Moreover, it was hypothesized that especially speech 
perception and production skills would interfere with proper phonological awareness 
skills, because of the ID-DHH children’s double disadvantage problem in both 
hearing and cognitive functioning. 
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Characteristics of Children with ID-DHH  
Note: Ppt = participant; Age and availability device in months; * = participated in a school for special  
education not specifically focused on ID-DHH; ** = hearing loss without implantation/hearing aid. 
Ppt Age Gender IQ-
score
Hearing 
loss**
Hearing device Onset hearing loss Availability 
device 
1 89 M 59 > 81 dB Cochlear Implant 1 year 68
2 71 M 62 > 81 dB Cochlear Implant 6 months 53
3 102 F 66 > 81 dB Hearing aid 1 year, 8 months 65
4 102 M 68 > 81 dB Cochlear Implant Neonatal screening Unknown
5 97 F 57 61-80 dB Hearing aid Neonatal screening Unknown
6 114 F 55 > 81 dB Cochlear Implant Neonatal screening 43
7 103 M 50 26-40 dB Cochlear Implant Neonatal screening Unknown
8 111 M 55 61-80 dB Hearing aid 6 months Unknown
9* 109 M 56 61-80 dB Cochlear Implant Few months 88
10 76 M 61 > 81 dB Cochlear Implant 1 year, 7 months 57
11 119 M 70 > 81 dB Cochlear Implant 7 months Unknown
Method
Participants
Participants were 11 children (8 boys, 3 girls) from five special education 
schools. Ten of those children were on one of the four schools participating in 
the present study that focused specifically on children with ID-DHH. One child 
attended a school that provided special education to children with ID and additional 
comorbidities. As reference group, children with ID-DHH were matched to children 
with ID from a longitudinal study (see Van Tilborg et al. (2018), for a description of the 
first wave). Children were matched on age, nonverbal intelligence, and gender. Since 
children with ID were not measured on speech perception and speech production, and 
vocabulary during the final measurement of the longitudinal study, the scores of those 
children with ID on these tasks measured one year earlier were used. In Table 1, the 
characteristics of children with ID-DHH are summarized.
 
Table 1
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Parents of the children were asked to fill out an informed consent for 
participation of their children, and all test sessions were video-recorded so it was 
possible to check what answer children provided once it was not clear for the 
experimenter during assessment. Children with ID-DHH were selected based on the 
following inclusion criteria: aged between 5;11 years old and 9 years and 6 months; 
an IQ between 50 and 75; and hearing loss of at least 35 dB. One child exceeded the 
age of 9 years and 6 months at the time of assessment (9 years; 11 months) because 
of test scheduling problems, but was still incorporated in the present study, leading to 
an average age of 8 years and 3 months (SD = 15 months). 
 
Materials
The children were assessed three times for approximately 30 minutes per 
session. In most cases, the child was tested once a day. If the school gave permission 
to test a child twice a day, there was a break of at least one hour between the test 
sessions. 
Letter knowledge. Letter knowledge was measured with the 
Screeningsinstrument Beginnende Geletterdheid [Diagnostic Instrument for 
Emerging Literacy] (Vloedgraven, Keuning, & Verhoeven, 2009). The task was 
originally assessed via a computer, but for this specific group, the items were read 
out aloud by the first author (being the experimenter). The child saw four letters 
next to each other, and the experimenter said the letter-sound of one of these letters. 
The child was asked to point to the correct letter. One point was given for each correct 
answer, with a maximum of 34 items. The [c], [x], [q], and [y] are infrequent in the 
Dutch language and were deleted from assessment, but 12 common Dutch digraphs 
(such as [au], [ei], [ee], [ou]) were added to the test items. 
Phonological awareness. Phonological awareness was also measured with 
the Screeningsinstrument Beginnende Geletterdheid ([Diagnostic Instrument for 
Emerging Literacy]; Vloedgraven, Keuning, & Verhoeven, 2009), and was also 
administered orally by the experimenter. There were four phonological awareness 
tasks, namely rhyme, phoneme synthesis, phoneme blending, and phoneme deletion. 
All tasks followed the same test structure, with 2 practice items and 15 test items. 
In each task, three pictures were shown. In the rhyme task, children were asked 
to point at the picture that rhymed with a word that was spoken out loud by the 
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experimenter after the three pictures were introduced. In the phoneme synthesis task, 
the experimenter pronounced some phonemes out loud and the child was asked to 
point at the picture that matched when the presented phonemes were blended into a 
word. In the phoneme blending task, the experimenter spoke out loud a word, and the 
child was asked to point at the picture that started with the same phoneme. Finally, 
in the phoneme deletion task, the experimenter deleted a phoneme from a word that 
he initially spoke out loud. The child then had to point to the picture that matched the 
new word after deleting a phoneme from the initially presented word.
Speech perception. Speech perception was measured with an auditory 
discrimination task (Peeters, Verhoeven, Van Balkom, & De Moor, 2008). Children 
saw two pictures, and the experimenter spoke the corresponding words out loud. 
Then, one of the words was repeated, and the child was asked to point to the correct 
picture. One point was given for each correct response. 
Lexical retrieval. Rapid naming objects task was assessed to measure lexical 
retrieval, a subtest of the Ernstige Spraak-taal Moeilijkheden toets [Specific Language 
Impairment test] by Verhoeven (2005). The child was presented with a card with five 
objects (a shoe, glasses, a house, a comb, and a duck), which were randomly ordered 
in four vertical rows of 30 objects each. The child was asked to read out loud as many 
objects as quickly and accurately as possible in 60 seconds. If sign-language was the 
preferred modality, the child signed the objects.
Speech production. The speech production skills of the child were measured 
using the standardized Word Articulation subtest from the Ernstige Spraak-taal 
Moeilijkheden toets [Specific Language Impairment test] (Verhoeven, 2005). 
Children were asked to repeat a word that was spoken out loud by the experimenter. 
The task started with high-frequent easy (CVC) words, and increased in difficulty 
during the task (e.g., CVCC to multisyllabic words). If a child made five consecutive 
errors, the task was terminated. 
Verbal short-term memory. Verbal short-term memory was measured using 
a word span task, a subtest of the Geheugentest: Woorden [Memory test: Words] 
from the Ernstige Spraak-taal Moeilijkheden toets [Specific Language Impairment 
test] by Verhoeven (2005). The child was asked to repeat monosyllabic word strings. 
The task started with repetition of two words, and one word was added after two test 
items, with a maximum of seven words in a string. Children received one point for 
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each word string correctly repeated. The task was terminated when both items with 
the same amount of words in a word string were repeated incorrectly. 
Nonverbal reasoning. The Coloured Progressive Matrices task by Raven 
(1956) was used to measure logical (nonverbal) reasoning skills. A figure with a 
missing part was presented. Below the figure, six pieces that all fitted the missing 
part were presented, but only one piece matched the figure pattern. The child had to 
point to the correct piece. The task comprised 36 items, and children received one 
point for a correct answer.
Receptive vocabulary. Receptive vocabulary knowledge was measured with 
the Dutch version of the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 
1997). The experimenter showed the child four pictures and said one word out loud. 
The child was asked to point to the correct picture matching the word. The task is 
divided into multiple sets of 12 items. All children started in a pre-fixed start set. 
If the child answered less than nine items correct, a lower set of items was presented 
to the child. If the child then answered nine or more items correctly, he/she passed on 
to the next set. If the child answered at least nine out of the 12 items in the start set 
correct, he/she passed on to the next set. The task was terminated when less than nine 
items were answered correctly. 
 
Procedure
Each child was tested in a quiet room within their school. In some occurrences, 
the child was accompanied by a concomitance. If so, she was asked not to interfere 
during task assessment. The experimenter sat in front of the child, so the child could 
see the facial expressions and the mouth movement of the experimenter. Furthermore, 
the experimenter supported all his/her oral communication with Dutch-supported 
sign language, and made sure that he spoke loud and clear during both explanation 
and task assessment. Tasks were assessed in a fixed order, with the interactive tasks 
preceding the computer tasks. For each completed task, the child was given a sticker 
which they put on a diploma. 
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Data Analysis
Within the speech perception task, as well as the phonological awareness- and 
letter knowledge tasks, children were able to provide a correct answer via guessing. 
To control for guessing, a new chance-level score was determined, calculated by 
the following formula: chance level = np + (n-np)p, with n being the total number 
of items and p as chance of guessing an item correctly. To visualize scores of each 
individuals, the prerequisites were plotted against several early literacy variables 
(rhyme, synthesis, and letter knowledge). This procedure lead to four quadrants 
within each plot, with the upper-right quadrant indicating scoring above guessing/
above chance for both variables, and the lower-left quadrant indicating scoring below 
guessing/below chance for both variables. Since speech production, lexical retrieval 
and verbal short-term memory did not involve guessing, no cut-off score lines were 
drawn. Each individual case was represented as a dot in each plot. All plots can be 
found in Figures 1 and 2.
 
Results
Because of the small sample of both groups, non-parametric independent 
samples Mann Whitney U-tests were used to compare the groups on all test scores 
based on the rank order of the score of each participant. The results are presented in 
Table 2. Children with ID outperformed children with ID-DHH on speech perception, 
speech production, the phonological awareness tasks synthesis, blending, and 
deletion, letter knowledge, and vocabulary. There were no differences between the 
two groups on verbal short-term memory, lexical retrieval, and rhyme.
Next, it was determined whether arrears in the prerequisites of early literacy 
were associated with weaker phonological awareness and letter knowledge in both 
groups. Of the phonological awareness skills measured, the focus was on rhyme as 
dependent variable, since rhyme was the only phonological awareness measure that 
did not differ between groups and scores were above chance level in both groups. This 
enabled us to distinguish between individuals with stronger versus weaker rhyme 
skills. Furthermore, letter knowledge was the focus of research, as letter knowledge of 
children with ID-DHH were shown to be a relative strength (although they performed 
significantly weaker on the letter knowledge task compared to children with ID). 
These variables were plotted against both speech perception and production, and 
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vocabulary, and against verbal short-term memory (See Figures 1 and 2). Lexical 
retrieval was not incorporated in the plots, as these plots were comparable to the 
verbal short-term memory plots.
Table 2 
When looking at both the individual- and group level, most children with 
ID are in the upper-right quadrant of all figures in which the prerequisites speech 
perception and production are plotted against phonological awareness (i.e., rhyme) 
and letter knowledge. In all plots, child 1 to 11 represent children with ID-DHH, child 
12 to 22 represent children with ID. The children with ID-DHH are mostly in the 
lower-left quadrant, which implies weaker scores on both independent and dependent 
variable. It was shown that only three children with ID-DHH scored above chance 
level on rhyme (child 1, 4 and 5), but none of these children scored above chance 
level in speech perception. In children with ID, a majority of children scored at or 
above chance level on rhyme (child 14, 15, 17, 18, 19, and 22). These children scored 
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Descriptive Statistics, Nonparametric Test Results and Effect Sizes of Between-Group Differences  
on All Variables 
 
Note: Deviating n’s in ID-DHH in Verbal short-term memory (VSTM) and Lexical retrieval (n = 9),  
blending (n = 10), and deletion (n = 7). Effect size r = Z/√N. 
ID-DHH (N=11) ID (N=11)
Mrank M (SD) Mrank M (SD) U p r
Age 99.4 (15.2) 97.4 (12.9)
Nonverbal IQ 11.50 14.73 (3.13) 11.50 15.09 (3.39) 60.5 1.00 .00
Phon. Awareness
Rhyme 10.09 7.45 (2.46) 12.91 8.91 (3.70) 76.0 .33 .22
Synthesis 7.82 4.55 (1.75) 15.18 9.64 (4.41) 101.0 <.01 .57
Blending 8.15 5.70 (1.95) 13.59 9.64 (4.68) 83.5 .04 .44
Deletion 6.21 5.14 (1.22) 11.59 7.27 (2.05) 61.5 .04 .50
Letter Knowledge 8.55 16.00 (8.21) 14.45 24.91 (9.18) 93.0 .03 .46
VSTM 8.89 2.56 (1.67) 13.41 3.00 (1.34) 64.0 .30 .26
Lexical Retrieval 10.89 31.89 (11.60) 10.18 29.09 (19.59) 46.0 .82 -.06
Speech Perception 7.95 12.91 (3.30) 15.05 17.09 (3.21) 90.5 <.01 .55
Speech Production 7.25 7.10 (7.19) 14.41 21.36 (10.07) 92.5 <.01 .58
Vocabulary 7.36 34.55 (20.80) 15.64 65.18 (13.06) 106.0 <.01 .64
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not only above chance level on speech perception, but also were strongest on their 
speech production skills (together with child 16), and vocabulary. On the other hand, 
verbal short-term memory did not differentiate between weak or strong rhymers in 
both groups (only child 3 and 17 scored higher than 4 on the word span task, whereas 
child 11 and 21 were the only children who scored below 2 on the word span task). 
For letter knowledge, only 5 of the 11 children with ID-DHH scored at- or above 
chance level (child 1, 3, 5, 10, and 11). Only two of these children scored at chance 
level on speech perception (child 1 and 5), and these children (together with child 3, 
4, and 9) scored relatively high on vocabulary too. In children with ID, nine of the 11 
children scored at- or above chance level on letter knowledge, and eight of these nine 
children scored above chance level on speech perception too. Finally, most of these 
children scored strong in speech production. 
Chapter 6
Figure 1. Prerequisites of literacy plotted against rhyme. 
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Figure 2. Prerequisites of literacy plotted against letter knowledge. 
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Discussion
The present research investigated children with ID-DHH on their literacy 
skills and whether they experienced problems in the prerequisites of phonological 
awareness and letter knowledge, and compared them to a group of children with 
ID. It was found that children with ID-DHH were weaker in both speech production 
and perception, and in vocabulary compared to children with ID, as well as on 
several phonological awareness measures (but not rhyme) and letter knowledge. 
In children with ID, those who had stronger speech perception skills were also strong 
in phonological awareness skills. Despite weak letter knowledge in children with 
ID-DHH, half of the children still knew a substantial amount of letters, which can be 
considered a starting point in developing basic early literacy skills. 
 
Comparison of Prerequisites and Early Literacy Skills
When comparing children with ID-DHH to children with ID on the cognitive-
linguistic prerequisites of early literacy, children with ID-DHH were outperformed 
by their ID peers on most of the prerequisites, indicating a severe deficit in these 
constructs. It is important to note that children with ID are already weak in early 
literacy acquisition compared to TD children (Erickson et al., 2009; Van Tilborg et 
al. 2018; Wise et al., 2010), but that the literacy levels of the children with ID-DHH 
were even lower, despite the fact that the two groups were matched on nonverbal 
reasoning and age. The combination of problems in cognition and hearing means 
that these children are doubly disadvantaged in early literacy acquisition. It seems 
that the hearing problems of children with ID-DHH have a severe effect on the 
(prerequisites of) phonological awareness on top of the cognitive arrears children 
with ID experience. Despite these problems, it has been suggested that processes 
underlying early literacy acquisition in both DHH children (Colin et al., 2007; Cupples 
et al., 2013; Johnson & Goswami, 2010) and children with ID (Van Tilborg et al., 
2018; Wise et al., 2010) may be similar to those processes involved in TD children. 
The results from the present study indicate that same might be true for at least some 
of the children with ID-DHH.
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The combination of cognitive- and hearing problems may thus hamper children 
with ID-DHH in acquiring early literacy. Children who are DHH may compensate for 
their hearing problems in acquiring literacy by using multiple alternative modalities to 
develop phonological representations of language, like speech-reading, experiential 
learning through inner speech articulation, sign and sign supported language 
representation, and other visual-motor and visual-spatial processing strategies 
(Johnson & Goswami, 2010; Leybaert et al., 2015). Children with ID-DHH may not 
have the ability to apply multiple modalities to process phonology, since they cannot 
rely on the strength of the cognitive compensatory skills to apply in early literacy. 
This is reflected by the low scores on most tasks by children with ID-DHH, scoring 
even below children with ID (who are known to already experience delays in their 
general cognitive- and linguistic development, Van Tilborg et al., 2018). Moreover, 
in children with ID-DHH, speech perception problems were found, implying that 
they are not able to process subtle speech sounds into meaningful phonemic units 
from a young age onwards. This may eventually hinder the proper development of 
phonological awareness skills (Chiappe et al., 2007; Herman et al., 2014; Nittrouer, 
1996). 
Although phonological awareness was weak in children with ID-DHH, 
these children showed some awareness in rhyme, the lowest hierarchical 
phonological awareness subskill. Children with ID-DHH did not differ from 
children with ID on rhyming. This may be due to  distractor items in the rhyming 
task being too easy to discriminate from the critical item, which made the task 
relatively easy for children with ID-DHH, since they could then process rhyme 
items holistically (Colin et al., 2007; Wagensveld, Van Alphen, Segers, & Verhoeven, 
2012). Still, children with ID-DHH are able to detect these relatively easy 
phonological similarities, and rhyme can thus be seen as a focus of attention for 
future stimulation of phonological awareness skills.
It is important to note that although children with ID-DHH were weaker in 
letter knowledge compared to children with ID, letter knowledge skills can still 
be interpreted as a relative strength. Five out of 11 children with ID-DHH scored 
above chance level on the letter knowledge task. Letter knowledge is known to 
be relative strength in children who are DHH too (Bergeron et al., 2009), because 
visual processing is more dominant in letter processing, since letter knowledge is 
merely an orthographic construct wherein phonological processing is less important 
(Goldberg & Lederberg, 2015). Whereas letter knowledge is primarily seen as one 
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of the bottom-up constructs in becoming literate (Andrews, Hamilton, Misener 
Dunn, & Diane Clark, 2016), it can also be considered a top-down construct for 
phonology development, given that phonological awareness can be stimulated after 
learning the letter names and sounds. Kyle and Harris (2010) noted that phonological 
awareness could be regarded a by-product of literacy acquisition. Accordingly, 
children with ID-DHH may first learn the letters of the alphabet, which can later 
be used as a basis for further literacy acquisition. The absence of proper auditory 
processing can be compensated with inner speech, articulatory perception, speech-
reading strategies or sign-supported speech, or visual spatial strategies in young 
children once letter knowledge is well established (Andrews et al., 2016; Harris & 
Moreno, 2006; Herman et al., 2014; Kyle et al., 2016), and children may later on 
develop more specific phonological representations once they are able to make use 
of these compensating modalities. So, it may be reasonable to assume that top down 
processing in early literacy acquisition occurs in children with ID-DHH, and the 
relatively strong letter knowledge and rhyme awareness of these children may act as 
support for later reading. Whilst developing whole-word recognition or sight-word 
reading or decoding, these skills may affect the deeper phonological awareness skills, 
making early literacy acquisition a top-down process for children with ID-DHH.
 
Associations between Prerequisites and Early Literacy
In addition to investigating the differences between the prerequisites and 
the early literacy skills in children with ID-DHH compared to children with ID, 
associations between these prerequisites for literacy with phonological awareness 
and letter knowledge were also investigated. Weaknesses were found in three main 
prerequisites of early literacy skills, namely speech perception and production, and 
vocabulary. In order to look into the individual scores of all children related to these 
two speech-related skills, plots were generated which included individual participants 
(both ID-DHH and ID) in a quadrant with the prerequisites speech perception, speech 
production, vocabulary and verbal short-term memory as independent variables on the 
X-axis and the phonological awareness skill rhyme and letter knowledge as dependent 
variables on the Y-axis. The majority of children with ID-DHH were positioned in the 
lower-left quadrants of all prerequisite – early literacy plots, especially in the speech 
perception and production skills plots. For example, in the ID-DHH group, child 2, 6 
and 7 did not only score low on both rhyme and letter knowledge, but 
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also on speech perception, production, and vocabulary. Child 2 and 6 were not even 
assessed on verbal short-term memory and lexical retrieval, due to severe distortions 
in speech production. On the other hand, child 1 and 5 were stronger in rhyme 
and letter knowledge, and were also relatively strong in the prerequisite variables. 
In children with ID, only one child (21) was weak in both prerequisite- and outcome 
variables. There were far more strong participants (child 14, 17, 19, and 22, reflected 
by their presence in the right-upper quadrant of most plots), implying that strong 
skills in prerequisites are associated with higher early literacy outcomes.
Speech-reading (Harris & Moreno, 2006; Kyle & Harris, 2010/2011) and 
visual processing can be considered factors which can strengthen literacy acquisition 
in children who are DHH. Speech-reading can be seen as external speech-feedback 
mediating articulatory rehearsal, In a study by Herman, Roy, and Kyle (2014), the 
ability to speech-read distinguished average to poor readers in a group of children 
who are DHH. They concluded that speech-reading abilities support phonological 
development (Kyle, Campbell, & McSweeney 2016), as well as speech-reading being 
an important prerequisite of literacy acquisition. Whereas children who are DHH 
tend to rely on visual perception (such as speechreading information) in processing 
phonological information, the current findings imply that children who experience an 
additional ID are unable to use other modalities such as speechreading in processing 
early literacy.
Speech perception and vocabulary as prerequisites of reading may not be 
embedded in literacy processing because of distortions in hearing and cognitive 
development. Because of these distortions, the visual and phonological memory 
capacity will quickly reach its maximum potential, which inhibits processing of early 
literacy, also reflected by the weak verbal short-term memory skills of both groups. 
Because of that, phonological representations cannot be established, neither via 
auditory input, nor via other visual strategies. 
The other way around, hearing problems in children with ID-DHH may also 
have a negative effect on the speech production and speech perception skills. It is 
known that frequent repetition or rehearsal of words enhances the imprinting of 
phonological representations (Alderson-Day & Fernyhough, 2015; Alegria & Le 
Chat, 2005; Perfetti & Sandak, 2000), but children with ID-DHH cannot make use of 
this strategy because of their weakness in speech production, a finding that is 
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contrary to earlier findings in children with ID wherein speech production does not 
have an effect on early literacy development (Van Tilborg et al., 2018). Additionally, 
weaknesses in discriminating between subtle phoneme differences within words 
puts a hold on phonological awareness acquisition in these children. In all, it can be 
concluded that both speech perception and production can be seen as clinical markers 
for early literacy acquisition success in children with ID-DHH. 
 
Limitations and Implications
The present study is one of the first studies that taps into the early literacy 
skills of young children with ID-DHH. There are, however, some limitations that 
must be taken into consideration in interpreting the results. Because of the specific 
and strict inclusion criteria of this group, only 11 participants were incorporated in 
the study. Therefore, we were restricted to descriptive- and non-parametric analyses 
of our data. Conclusions thus need to be interpreted with care. Although a control 
group of children with ID was incorporated in the present study, a control group 
based on the hearing problems in children was not present. This decision was based 
on the following arguments. First, research on literacy acquisition in children with 
ID is relatively scarce compared to literacy research in children with DHH (Harris, 
Terlektsi, & Kyle, 2017; Lederberg, Schick, & Spencer, 2013). Second, by using 
a group of children with ID as control group, we were able to relate differences 
between both groups with ID solely based on hearing problems alone. However, 
it is acknowledged that a group of children with DHH would have shown a more 
complete picture of literacy acquisition in these groups of children with disabilities.
The present study is the first to investigate the early literacy skills in 
young children with ID-DHH. In the Netherlands, there are only four schools that 
specifically focus on this specific subgroup of children with ID. Both disabilities 
affect the acquisition of early literacy, and extreme variations in both of these areas 
makes literacy acquisition challenging. Therefore, instructional activities need to be 
tailored to the children’s interest, experiences, and learning styles, on top of their 
learning strengths, qualities, and difficulties (Erickson & Quick, 2017; Herman et 
al., 2014; Truax, Foo, & Whitesell, 2004). Erickson and Quick (2017) recommend 
extensive and frequent individual instruction for children with ID in language 
learning, and emphasize that this becomes even more important when students use a 
visual modality. Leybaert et al. (2015) note that it is important to first detect what the 
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preferred modality of literacy acquisition is (i.e., signing, speechreading, audition, 
tactile information processing), before individualized programs are developed. 
The focus of intervention can thus rely on one of these modalities. 
Children with ID-DHH may be taught to discriminate between subtle 
phonological differences (speech decoding) or similarities (rhyme) once they 
have established sufficient letter knowledge in order to prepare them to become 
phonologically aware (top-down processing). Although phonological processing is 
weakened by the inability to use other modalities as compensation for hearing and 
auditory perception disorders, enhancing speech perception may still contribute to 
the formation of phonological representations, being a supportive strategy in literacy 
acquisition later on (Hill, 2016). In the present sample of children with ID-DHH, 
child 1, 4, and 5 showed relatively strong capacities in both speech perception and 
production, and also in rhyme. These skills may therefore be issued as clinical markers 
for early literacy acquisition in this group of children who are doubly disadvantaged. 
For clinicians and therapists, profiling children on their strengths and weaknesses in 
early literacy and prerequisites may help them to determine both the early literacy 
level of the child, as well as how to strengthen prerequisite skills that may benefit 
future literacy development. If children with (ID-)DHH can become phonologically 
aware, they will benefit from phonics instruction- and intervention, especially in 
combination with their sufficient letter knowledge skills. 
Furthermore, other factors such as early implantation of cochlear implants 
or the presence of hearing aids will affect the strength of vocabulary and speech 
production skills (Connor, Craig, Raudenbush, Heavner, & Zwolan, 2006), as well 
as strengthening the capability of children with ID-DHH to regulate their attention 
and executive functioning could be taken into account in early interventions in early 
literacy for this group. Next to auditory stimulation, visual-motor skills and visual-
spatial skills necessary for processing speech-reading and sign or sign-supported 
language input and processing can be strengthened by the environment of the child, 
so that this multisensory integration of literacy acquisition skills can compensate 
for the loss of auditory functions of children with ID-DHH. For example, teachers 
working with children with DHH often possess abundant knowledge about language 
acquisition and communication with these children (Bruce et al., 2008), and they can 
play an important role in providing individually tailored instructional activities for 
this specific group of children. 
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Future research should be aimed at devising appropriate (evidence-based) 
literacy interventions to provide this vulnerable group of children the possibility to 
become literate (Ormel, Van Balkom, & Bonder, 2009). Moreover, both correlational 
and longitudinal studies in this specific group of children are important in unraveling 
the ways these children can cope with their disabilities and being able to acquire 
literacy. Possessing a basic level of literacy will tremendously increase the quality of 
life for these children (Luckner, 2013).
 
Final Conclusion
In all, children with ID-DHH are doubly disadvantaged leading to severe 
disturbances in their acquisition of early literacy. The hearing problems on top of 
their general cognitive arrear puts these children on hold. As discussed, speech 
perception and production problems, combined with a weaker vocabulary prevents 
children to develop proper phonological awareness, and act as clinical markers for 
early literacy acquisition in this specific group. Although letter knowledge could be 
interpreted as a relative strength, it is still not sufficient for young children with ID-
DHH to compensate for the lack in phonological skills. Although these children are 
extremely vulnerable in their development, it does not mean that they are incapable 
of acquiring early literacy. 
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General discussion
The present thesis aimed to answer four research questions related to early 
literacy acquisition in children with ID. The first question focused on whether there 
were differences  in variables related to early literacy acquisition between typically 
developing (TD) children and children with ID. Additionally, the second question 
focused on to what extent early literacy and word decoding could be explained from 
individual variation of pivotal cognitive and linguistic precursors in children with ID. 
In Chapter 2, 3, and 4, these precursors were assessed in children with ID in various 
ways. Chapter 2 described a group of children with ID who were in the pre-alphabetic 
phase of literacy acquisition, meaning that they were at the very start of early literacy 
acquisition. In Chapter 3, precursors were assessed in a group of children with ID 
who were at the onset-age of early literacy acquisition (viz., kindergartners aged 
in between 5.5 and 6.5 years old) and individual variation in early literacy skills of 
these children were investigated. In Chapter 4, the development of (the precursors 
of) early literacy and word decoding was investigated from a longitudinal research 
perspective. The third question related to the additional influence of the home literacy 
environment and parental estimations of early literacy and word decoding on early 
literacy development, which is discussed in Chapter 5. The fourth and final question 
focused on the individual variation in early literacy within a specific subgroup of 
children with ID, namely those who have an additional hearing problem (ID-DHH), 
to determine the effect of hearing problems in addition to general cognitive problems 
(Chapter 6). In this general discussion, the key findings will be interpreted and 
discussed, followed by the discussion of both limitations of the present thesis, as 
well as future research directions. This chapter finishes with suggestions for practical 
implications based on the results of the present dissertation.
 
Differences in Early Literacy Development between TD Children and Children 
with ID
Differences between TD children and children with ID on the early literacy 
variables phonological awareness, letter knowledge, and word decoding were 
investigated in Chapters 2, 3, 4, and 5. Differences were not only found during the 
first measurement wave, but also in the two additional waves; children with ID 
lagged behind their TD peers on early literacy variables, with moderate to large effect 
sizes. An additional analysis in Chapter 4 revealed that children with ID are delayed 
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approximately two years on letter knowledge and word decoding. Phonological 
awareness, however, was still weaker in 8-year-old children with ID compared to 
6-year-old TD children. That does not mean that children do not use those weak 
phonological awareness skills in decoding words. Letter knowledge can be seen as 
a relative strength, and combined with their phonological awareness skills, children 
are able to unravel words that they encounter. Word decoding remained difficult for 
children with ID even during the final measurement wave, although they did progress 
in this skill over time. The delay in phonological awareness affects word decoding, 
but other aspects of literacy acquisition can be influential on proper word decoding 
too (e.g., the amount of time spent on early literacy acquisition at school, which 
early reading methods were provided). The present dissertation did not focus on these 
aspects, but investigated the child-individual strengths and weaknesses in relation to 
early literacy, as well as the home literacy environment.
Also on the other cognitive and linguistic variables that were taken into 
consideration in all our studies, children with ID were outperformed by their TD 
peers. Those differences affect the proper literacy development in children with ID. 
Vocabulary, phonological memory, executive functioning, and speech all have its 
influence on learning to read. Therefore, these constructs need further investigation 
to find out to what extent they influenced the early literacy development of children 
with ID. 
 
Pivotal Precursors in Children with ID; Individual Variation Explained
In Chapters 2, 3, and 4, early literacy development was investigated with two 
cross-sectional studies (Chapter 2 and 3), and one longitudinal study (Chapter 4). 
From these studies, three findings related to the precursors of early literacy 
development can be deduced, related to the role of phonological awareness and letter 
knowledge in early literacy, the role of cognitive-linguistic precursors, and the role 
of nonverbal reasoning. 
Phonological awareness and letter knowledge.  In Chapter 2, it was 
determined whether precursors of early literacy skills and word decoding that are 
known to be important in TD children, were also important in literacy acquisition of 
children with ID. Besides phonological awareness and letter knowledge, cognitive 
and linguistic precursors of early literacy skills and word decoding were investigated. 
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As word decoding was the final outcome measure, children were selected on 
their partial-alphabetic literacy skills (Ehri, 2005; 2014), and thus would have an 
above-chance level of letter knowledge. Because of problems in general cognitive 
development in children with ID, letter knowledge was not established at the same 
age as TD children. Children with ID were on average 1.5 years older in age than the 
group of TD children (who were all kindergartners, being in the partial-alphabetic 
phase of literacy). Still, differences were found in favor of TD children compared 
to children with ID on all precursors, as well as on phonological awareness and 
letter knowledge. Such differences were also found in Chapter 3 (wherein children 
with ID were approximately a half year older than their TD peers despite identical 
inclusion criteria for age between the two groups), as well as in other studies with 
older children (Channell, Loveall, & Conners, 2013), for example in children 
with Down Syndrome who were even 10 years older than their TD peers (Verruci, 
Menghini, & Vicari, 2006). In Chapter 4, this ‘delay’ was shown by comparing 
the results of 8-year-old children with ID assessed during the final measurement 
wave to the results of 6-year-old TD children assessed in kindergarten (Chapter 3). 
There were no differences in word decoding and letter knowledge between these two 
groups. However, phonological awareness was still weaker in children with ID, due 
to disturbances in phonological short-term memory and RAN. Both of these variables 
predicted phonological awareness, but children with ID were weak in these precursor 
skills. Still, phonological awareness appeared to influence letter knowledge and word 
decoding later on in their development (in line with Channell, Loveall, & Conners, 
2013; Soltani & Roslan, 2013; Wise, Sevcik, Romski, & Morris, 2010). Furthermore, 
despite weaknesses in precursors in children with ID, children with ID also applied 
other, similar skills in literacy acquisition as their TD peers, namely vocabulary, 
phonological awareness, and letter knowledge (National Early Literacy Panel, 2008; 
Melby-Lervåg, Lyster, & Hulme, 2012). 
Phonological awareness was not predictive for letter knowledge and word 
decoding in Chapters 2 and 3 due to the cognitive impairments that children with 
ID face in early literacy acquisition. These cognitive arrears prevent them to apply 
grapheme-phoneme connections yet, a skill necessary in the application from 
phonology towards word decoding (seen as the final stage for mastering early 
literacy). Alternatively, it could also have been the case that children with ID do 
not apply phonological skills in their reading process, but that they make use of a 
different word-reading strategy, based on logographical processing of words, in so 
recognizing words through non-phonemic visual features (Bowman & Treiman, 
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2008). Via this logographic strategy, phonological processing of letters is not a 
necessity, since words may be ‘read’ via visual memory. This strategy leads to a 
small vocabulary which entails solely high-frequent or specific individual-important 
words. Based on the results in Chapter 4, however, such a logographic word-reading 
strategy seems highly unlikely in our group of children with ID. The children were 
able to apply letter knowledge in decoding words, and later on in their literacy 
development, they applied phonological awareness in literacy acquisition as well. 
It thus is reasonable to assume that within the process of literacy development, 
children with ID lag behind on their phonological awareness skills when compared 
to TD children. During the first years of formal education, children with ID do not 
possess the appropriate competencies to apply these skills. From the cross-sectional 
findings in Chapters 2 and 3, it may be concluded that children with ID have an arrear 
in phonological processing, which leads to arrears in literacy acquisition. The results 
from our longitudinal study (Chapter 4) suggest that later on in their early literacy 
development, phonological awareness is involved in literacy acquisition, and word 
decoding can be acquired in a similar way as in TD children.
Cognitive- and linguistic precursors. In Chapters 3 and 4, the individual 
variation in early literacy skills was investigated from both a cross-sectional (Chapter 
3) and longitudinal perspective (Chapter 4). Precursors known to be important in 
early literacy, based on earlier research in both typically developing populations (e.g., 
Melby-Lervåg et al., 2012; Verhoeven, van Leeuwe, Irausquin, & Segers, 2016), and 
populations with ID (for a review, see Erickson, Hanser, Hatch, & Sanders, 2009; 
and see also Barker, Sevcik, Morris, & Romski, 2013; Wise et al., 2010) were placed 
in a theoretical framework of early literacy, and individual variation was tested 
using structural equation modeling. The results from both chapters indicated that the 
individual variation in TD children followed an expected pattern, with phonological 
awareness predicting letter knowledge, which in turn predicted word decoding. 
In Chapter 3, the importance of both vocabulary and phonological short-term 
memory in early literacy acquisition were stressed. In Chapter 4, it was shown that in 
Grade 1 TD children had achieved the final stage of early literacy acquisition; both 
phonological awareness and letter knowledge did explain some variance in the model 
predicting word decoding, but the extent of their influence was relatively small. 
Since word decoding becomes automatized (shown in the TD model of Chapter 4 
by the effect of RAN on phonological awareness), both phonological awareness and 
letter knowledge are no longer applied in decoding words in TD children at that 
particular age (Hogan, Catts, & Little, 2005; Ouelette & Haley, 2013). Children do not 
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decode familiar words anymore, since both phonological and orthographic mappings 
are so profoundly refined, that these familiar words are stored or memorized in the 
mental lexicon of the child  (Ehri, 2014). 
The final model of early literacy acquisition in children with ID from Chapter 
4 revealed differences and similarities with both the ID model and the TD model from 
Chapter 3. As already mentioned, the interactions between phonological awareness, 
letter knowledge, and word decoding that were absent in children with ID at a 
younger age (approximately 6 to 7-year-olds), were present in 8-year-old children 
with ID in Chapter 4 at the final measurement wave, indicating that children with 
ID are able to apply grapheme-phoneme connections. In doing so, they are able to 
apply phonological awareness and decoding strategies in unraveling unknown words. 
Moreover, other cognitive-linguistic precursors appear to influence the early literacy 
development of children with ID such as lexical retrieval (RAN), which predicted 
early literacy in children with ID. Besides lexical retrieval, phonological short-term 
memory also had an effect on early literacy skills at in children with ID in both 
Chapters 3 and 4. Phonological short-term memory is key in storing phonological 
representations, and a lack of this storage capacity is known to be associated to linguistic 
deficits in children with ID (Schuchardt, Maehler, & Hasselhorn, 2011). In Chapter 
3, it was shown that phonological short-term memory did not predict early literacy 
skills, which may be the reason why phonological awareness did not in turn predict 
letter knowledge and word decoding. In Chapter 4, however, phonological short-term 
memory did predict phonological awareness. In turn, phonological awareness was 
an autoregressor for phonological awareness one year later, which then predicted 
word decoding. A similar pattern was shown in Chapter 3 in TD children, wherein 
phonological short-term memory predicted another early literacy skill, namely letter 
knowledge. Phonological awareness was already well established, and memorizing 
letters proved important in the process of decoding words. In all, important predictors 
of early literacy skills in TD children also appeared important for children with ID. 
Besides the aforementioned constructs phonological awareness and letter knowledge, 
two precursors of early literacy skills, namely phonological short-term memory and 
lexical retrieval influenced the final level of word decoding measured in children with 
ID. This implies that phonological processing starts to occur under the influence of 
those precursor variables, which in turn influences proper literacy acquisition. 
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The role of nonverbal reasoning.  Nonverbal reasoning appeared to be an 
influential predictor of early literacy skills across all studies. In Chapter 2, it was 
shown that children with ID were able to apply their pre-literate skills into decoding 
words under the influence of nonverbal reasoning. This relationship was also present 
in Chapter 3. The decoding process may thus rely on the foundations of reasoning 
abilities. Children with ID rely on pattern recognition (letter configuration), 
for example in recognition of frequent letters or letter combinations. Moreover, 
nonverbal reasoning showed significant relationships with the majority of predictors 
of early literacy skills in all chapters. This implies that this construct covers multiple 
capacities related to the cognitive strength of an individual. Combined with letter 
knowledge, nonverbal reasoning predicted word decoding in Chapter 2 and 3. 
Combined with letter knowledge, nonverbal reading in predicted word 
decoding as shown in Chapter 2 and 3. Cognitive strength is needed to a certain 
extent in becoming literate, since the cognitive capacities of a child may help children 
in a compensatory way. Early on in the process of becoming literate, phonological 
awareness in children with ID is weak. If children are able to, for example, give 
meaning to a rather abstract ‘picture’ a grapheme actually is, this skill can be valuable 
for connecting this grapheme to another modality such as a phoneme. This matching 
of visual-motor patterning from abstract constructs such as graphemes to phonemes 
provides children the ability to make graphemes meaningful in the context of their 
word structure. Nonverbal reasoning, which can be seen as a construct underlying 
cognitive processing, can support the development of predictors of literacy such 
as phonological awareness and letter knowledge (and the application of grapheme-
phoneme connections). Correctly connecting graphemes to phonemes may amplify 
the possibility of decoding before the child is able to apply its phonological awareness 
skills (Levy, 2011). To conclude, a certain level of nonverbal reasoning is necessary 
for developing phonological awareness, as it acts as a control mechanism for literacy 
acquisition; cognitive strength may determine the possible level and development of 
phonological awareness, which affects letter knowledge and initial word decoding. 
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The Role of the Home Literacy Environment in Early Literacy Development
Besides individual-specific cognitive-linguistic precursors of early literacy 
development, one study (Chapter 5) from the present thesis focused on the effect of 
the home literacy environment on the growth in early literacy in children with ID. 
In a questionnaire, parents were asked to fill out how much literacy material was 
present at home (passive elements), and how much parents interacted with their child 
wherein early literacy was involved (active elements). Furthermore, an underexposed 
factor within home literacy environment research was added to the questionnaire, 
namely parental estimations of their child’s early literacy level. It is known that those 
parental reports of their child’s early literacy level are predictive for future reading 
skills (Pan, Kong, Song, McBride, Liu, & Shu, 2017). 
Parents were asked to estimate their child’s current phonological awareness 
level, letter knowledge level, and their ability to apply grapheme-phoneme 
connections in decoding words, based on the early literacy variables which were 
assessed in Chapter 3 and 4. It was found that, although the home literacy environment 
of TD children and children with ID did not differ, it proved to be hard for parents of 
children with ID to correctly estimate the current child’s early literacy level. There 
were also no relationships between the early literacy skills of children with ID and 
the home literacy environment, but for TD children, parental estimates showed to 
be predictive for growth in word decoding. This accurate estimate of the parents 
can thus be of importance in literacy acquisition. The higher the quality of parental 
estimates (i.e., match between the parental estimate of their child’s literacy level 
and the actual literacy level of the child), the more beneficial this may be for future 
reading in children. We did not find this relationship for children with ID, but as 
shown in Chapter 2 and 3, the early literacy in young children with ID was relatively 
low, indicating a small growth in literacy over the two time points of measurement. 
The findings in TD children may, however,  imply that the same processes apply to 
children with ID once they start to develop literacy skills (which is shown to be the 
case approximately two years later than in TD children, as was found in Chapter 4). 
Next, it was investigated whether factors of home literacy environment had an 
influence on the growth of early literacy skills. Whereas there were no relationships 
found between the early literacy skills phonological awareness and letter knowledge, 
both the amount of child-literacy material and child-oriented literacy activities had an 
(in)direct effect on later word decoding in children with ID. Combined with findings 
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from the previous chapters, the home literacy environment can act as a beneficial 
step in stimulating the precursors of emergent and early literacy skills. Interactions 
between the parental estimates (i.e., knowledge of their child’s literacy level), and 
the variability of literacy material and active use of such literacy material (i.e., the 
child-oriented literacy activities, tailored to the literacy level and world-experience 
of the child) seem pivotal in the growth of early literacy skills, and future word 
decoding. The older children with ID become, the more they experience interactions 
with literacy in their environment, at home, at school, or while playing with peers. 
Together with individual prerequisites of literacy that children with ID develop, the 
growth of early literacy is strengthened. The home literacy environment can thus be 
interpreted as an additional advantageous factor in the growth and development of 
early literacy skills in children with ID.
 
Early Literacy in Children with ID and Additional Hearing Problems
Although the former studies of this dissertation focused on heterogeneous 
groups of children with ID, strict inclusion criteria were taken into account regarding 
comorbidities such as visual, auditory, and/or physical impairments. Within the 
present dissertation, one study focused on a specific group of children with ID who 
had additional deafness or hard-of-hearing problems (ID-DHH). It has been found 
that children who are deaf or hard-of-hearing (DHH) experience language delays 
(Lederberg, Miller, Easterbrooks, & Connor, 2014). Concerning early literacy 
acquisition, there appears to be a disagreement on the role of phonological processing 
in children who are DHH, although the majority of studies found that children are 
able to use multiple modalities such as speechreading or sign- or sign-supported 
language skills to develop phonological representations of language (e.g., Johnson & 
Goswami, 2010; Leybaeart, Bayard, Colin, & LaSallo, 2015). 
We focused on the prerequisites of phonological awareness and letter 
knowledge within a group of children with ID-DHH, instead of word decoding. 
Children with ID-DHH were matched to a subgroup of children with ID (i.e., 
a subsample of children with ID from Chapter 4) on their age and nonverbal reasoning 
skills, and were compared on critical prerequisites of phonological processing. Severe 
deficits in the prerequisites speech perception and speech production, and vocabulary, 
as well as on phonological awareness and letter knowledge in the group of children 
with ID-DHH were found. Even children with ID, known to lag behind on those 
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precursors, outperformed the group of children with ID-DHH on the aforementioned 
prerequisites. Whereas children with ID lag behind on their cognitive-linguistic 
development but still show to be able to develop phonological awareness skills, 
children with ID-DHH do not show the ability to apply these skills. The absence of 
proper auditory processing can be compensated by using other modalities, which is 
known to occur in deaf children (Hall & Bavelier, 2010). Children with ID-DHH 
experience additional cognitive malfunctioning on top of their hearing loss, becoming 
double disadvantaged in early literacy acquisition. Moreover, children with ID-DHH 
experienced problems in both speech perception and production, and had a smaller 
vocabulary than children with ID. These deficiencies prevent children with ID-DHH 
to develop phonological awareness at a young age, and it may be questioned whether 
they are able to overcome this double disadvantage.
However, children with ID-DHH did show to have relatively strong letter 
knowledge skills, probably because these children tend to rely more on their visuo-
spatial skills (Hall & Bavelier, 2010). This is different for children with ID, who 
tend to rely on phonological processing (other than phonological awareness) in early 
literacy acquisition (such as RAN at the beginning of early literacy acquisition, 
and phonological short-term memory, but also phonological awareness later on 
in their early literacy development). Still, the necessity of speech perception and 
production, two prerequisites of phonological awareness, must not be underestimated 
in this specific group of children with ID. Although hearing impaired, phonological 
representations still play a key role in children with ID-DHH in later phonological 
awareness development and future reading. For this specific subgroup of children 
with ID, future research thus should focus on the double disadvantage children with 
ID-DHH experience. The role of both phonology (which the present thesis has shown 
to be important in children with ID) needs to be investigated in depth, as well as the 
role other modalities (such as vision, tactile functioning, or signing) may play for 
possibly compensating the hearing loss of those children. 
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Revisiting Early Literacy Development in Children with ID
In the present dissertation, the importance of early literacy acquisition for 
children with ID in becoming able to decode words was highlighted in Chapter 
2, 3, and 4. Similar constructs were important in both literacy acquisition and 
development compared to TD children. However, the disturbance of the general 
cognitive development in children with ID must be taken into consideration whilst 
determining the effects of (the precursors of) early literacy skills in their quest 
towards word decoding – the final stage of early literacy acquisition. Children 
with ID at kindergarten age are not yet able to apply phonological awareness skills 
whilst encountering words, and lag behind their TD peers on early literacy skills 
and cognitive-linguistic skills important for early literacy development. However, 
phonological awareness gradually becomes important in word decoding once 
phonological representations of language are established. In a delayed manner, 
children with ID still are able to decode words in a similar way as TD children (as 
was suggested by Barker, Sevcik, Morris, & Romski, 2013; Channell, Loveall, & 
Conners, 2013; Wise, Sevcik, Romski, & Morris, 2010), perhaps becoming at least 
functionally literate. Children with ID are thus able to become phonologically aware 
and apply grapheme-to-phoneme connections to decode words, which can be seen as 
a bottom-up process of early literacy acquisition. Precursors such as lexical retrieval 
and phonological short-term memory, known to be important in early literacy 
acquisition in TD children (Verhoeven, Van Leeuwe, Irausquin, & Segers, 2016), 
do also apply to children with ID.
Next, the role of nonverbal reasoning skills must be taken into consideration 
in literacy acquisition in children with ID (Levy, 2011), since these skills act as a 
control mechanism before being able to apply phonological awareness and letter 
knowledge whilst encountering words-to-be-read. On top of those child-individual 
characteristics, the home literacy environment is an additional focus of interest in early 
literacy acquisition research in children with ID; child-literacy material, as well as 
literacy-activities will enhance their possibilities of becoming phonologically aware. 
Furthermore, parental estimations of their child’s literacy level may be helpful within 
this process, as proper estimations account for better understanding and application of 
literacy activities that can be undertaken with children with ID. Finally, early literacy 
acquisition in children with ID-DHH is hampered because of the auditory processing 
problems, and the focus of attention in those children related to literacy acquisition 
must not only lie on the (precursors of) phonological awareness, but also on the 
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relative cognitive-linguistic strengths of this group, for example on letter knowledge. 
This construct can be a starting point for early literacy development in this highly 
specific subgroup of children with ID. Mastery of letter knowledge could possibly 
lead to subtle gains in phonology, which develop side-by-side with the acquisition 
of letter knowledge as a by-product of mastering orthographic knowledge and skills 
(Kyle & Harris, 2010).
Overall, the present dissertation is the first one that has set up a larger line of 
research that longitudinally investigated a group of children with ID on early literacy 
development, taking into consideration both cognitive and linguistic precursors of 
language. It adds up to the theoretical knowledge base that the development of these 
children shows similarities with the development of early literacy in TD children. 
Children with ID do use phonological skills in literacy acquisition, but they are 
delayed when it comes to proper appliance of those skills. Furthermore, there is a 
large degree of individual variation within the rather heterogeneous group of children 
with ID.
The acquisition of word decoding proves pivotal in learning to understand 
and comprehend written language. Reading comprehension relies heavily on 
word decoding (as shown in the simple view of reading by Hoover & Gough, 
1990). This theoretical model applies to both children with ID and TD children 
(Van Wingerden, 2017). Once word decoding is (relatively well) established, children 
with ID continue to this next phase of literacy acquisition. From Chapter 2, 3, and 4, 
it can be concluded that children with ID are able to become literate by using similar 
constructs as TD children, which stresses the need for awareness of the importance 
of the (precursors of) early literacy acquisition for the environment of children with 
ID; teachers, clinicians, parents (Chapter 5), but also instructional designers of early 
literacy methods for specific groups at risk for experiencing early literacy difficulties. 
In children with ID-DHH, which can be interpreted as such a group, speech perception 
and production may be seen as key in their future literacy abilities, and add up to the 
summary of early literacy acquisition in this specific subgroup of children with ID.
Finally, the results of the present dissertation can be extrapolated to other 
groups of children with ID with other comorbidities, such as children with severe 
speech problems (Heller & Coleman-Martin, 2007) or children who are making use 
of augmentative- and alternative communication (AAC; Hetzroni, 2004; Romski, 
Sevcik, Barton-Hulsey, & Whitmore, 2015). Heller and Coleman-Martin (2007) 
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advise teachers to target early literacy skills to such children, providing them a basis 
for both bottom-up (word decoding) and top-down (word identification) strategies. 
Our findings add up to those aforementioned studies that research in early literacy 
skills proves valuable for multiple groups of children with ID, even those groups of 
children experiencing disabilities beyond the scope of the present dissertation.
 
Limitations and Future Directions
Although the results from the present dissertation yield valuable insights in 
the development of early literacy development of children with ID(-DHH), there 
are some limitations that need to be taken into consideration whilst interpreting the 
research results as such. First, the groups of children with ID in Chapter 2 and 5 
were relatively small, and care must be taken with the interpretation of the results. 
Statistical analyses were applied on those relatively small groups with quite a lot of 
variables incorporated. Sometimes, these were not normally distributed. For example, 
in Chapter 2 we therefore log transformed the dependent variable word decoding in 
order to reduce the skewness of the variable so it better fitted the assumptions of the 
linear regression analysis. In Chapter 3 and 4, over 50 children with ID were tested on 
several variables, and analyses were done with Structural Equation Modeling (SEM). 
It is known that in research in populations with ID, it is oftentimes hard to incorporate 
enough participants in a study, because of practical issues related to the finding and 
assessing participants, and especially to retain participants in longitudinal studies. 
In addition, assessing children with ID is prone to missing values, due to withdrawal 
of children during test assessments, due to illness of the participants, or the inability 
or will to perform certain tasks during assessment. Still, we managed to reduce the 
drop-out of children with ID to a minimum, and to apply statistical procedures to 
overcome unavoidable missing values. It must be taken into account that in Chapter 3 
and 4, two models with different precursor variables were calculated for two different 
groups, which makes in relatively complex to compare those two models (and as 
such, those two groups). It needs to be stressed that the model for children with ID 
was yielded from the model of the TD children, using statistical arguments to delete 
or add predictive relations between variables. Although these statistical prepositions 
do not always line up with the theoretical prepositions, we still were able to fit 
two models for two different groups of children which shared the same theoretical 
framework. Bearing this in mind, conclusions were drawn related to the development 
of early literacy by comparing the models. In Chapter 5, only a subgroup of parents 
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from the sample of participating children filled in the HLE questionnaire, reducing 
the amount of participants in that study. In order to overcome this problem, mediation 
analyses using the SPSS add-in from Hayes (2013) were done. By combining the data 
of the children with ID and the TD children, and by using a moderated-mediation 
model with bootstrapping, multiple HLE factors could be included in the model 
even though the sample size was rather small. For future research, however, a larger 
sample size, with variables or factors targeted to the critical HLE constructs will 
provide more sophisticated conditions for statistically testing the hypotheses. 
Second, whereas great care was taken with the selection of critical variables 
related to early literacy and the home literacy environment, some tasks might not 
have been optimal for assessment for both TD children (i.e., tasks were too easy, 
leading to ceiling effects) or children with ID (i.e., tasks were too difficult because 
of the level of the task, or because of the inability of children with ID to speak). 
Tasks were selected having a receptive modus of output, so answering of the tasks 
could be done by for example pointing, mouse-clicking, or signing. This was, 
however, not possible for both the lexical retrieval task and the speech production 
task, since these tasks assessed expressively by nature. Children with ID who were 
not able to speak correctly were disadvantaged on those expressive tasks, which may 
have influenced the test results. During the final measurement of the longitudinal 
study, however, nearly all children were able to speak.
Third, the selection criteria to match to the terminology of ‘children with ID’ 
yielded a relatively heterogeneous group of children with ID. In the studies of this 
dissertation, children with ID were assessed on their IQ score by clinicians within 
their own environment. This led to selection of children with ID with an IQ score 
within 50 – 75, but those scores were based on a variety of IQ tests. Therefore, 
IQ score data were not used in the data-analysis, but the IQ was controlled for by 
assessing children on nonverbal reasoning (Raven Coloured Progressive Matrices; 
Raven,1956). Furthermore, normality in the data-analysis was not always met, 
leading to skewed and hard-to-interpret data. Heterogeneity is inevitable in groups of 
children with ID, but in all studies of the present dissertation, it was tried to correct 
for the non-normality within several precursor variables, as well as for some home 
literacy environment characteristics. 
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Children with ID were assessed on a maximum of 13 tests during the first and 
second wave of the longitudinal study, yielding a comprehensive view of precursors 
of early literacy skills. It was impossible to add other tasks within the test battery, due 
to practical issues (e.g., the duration of each test session). In future research, it can 
be debated which variables need to be addressed in early literacy research in children 
with ID. For example, research in TD children showed the importance of executive 
functioning in word decoding (Van der Sande, Segers, & Verhoeven, 2013). Although 
this variable was assessed in Chapters 2 and 3, future research should focus more 
on other, (phonological) memory-related constructs too. Research by Alloway and 
Alloway (2010) showed that at the start of formal education, working memory might 
be a better predictor for future academic attainment than IQ, which is also the case 
in children with learning difficulties (Alloway, 2009). Finally, in children with ID-
DHH, visuospatial memory can compensate for their auditory problems in learning to 
read, and thus research needs more specification of this variable in the future.
Considering the specific subgroup investigated in the present dissertation, 
research in children with ID-DHH is very scarce, especially related to early literacy 
acquisition. Whereas there are several variables that overlap in the process of early 
literacy acquisition in TD children, children with ID, and children with ID-DHH, 
it must be noted that children with ID-DHH are severely hampered in literacy 
acquisition compared to the other groups. It is suggested that multiple modalities 
compensate for their general cognitive- and auditory problems, such as visuospatial 
abilities, tactile abilities, or sign- or sign-supported language abilities. Besides the 
cognitive-linguistic abilities of this specific group of children, these aforementioned 
abilities may shed a clearer view on the process of early literacy acquisition in 
this vulnerable, yet underestimated, less studied, and relatively unknown group 
of children. In Chapter 6, we did not investigate a group of children with DHH as 
comparison group into account. We were specifically interested in the addition of a 
hearing impairment on top of an intellectual disability, therefore focusing on those 
groups and not on children with solely a hearing impairment. Future research should 
also include a group of children with DHH, to determine similarities and differences 
between this group and children with ID and ID-DHH.
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Finally, research on the influence of the home literacy environment of 
children with ID needs further elaboration, to shed more insight in the cause and 
effect on early literacy acquisition and development. The world nowadays is more 
and more changing due to technological developments. Tablets will become the 
primary source of literacy for children, with storybooks, language-learning apps, or 
games being provided to them. Home literacy environment research must adapt to 
these technological developments, by adjusting questionnaires focusing on recent 
modes of literacy output, but also to incorporate questions related to the interaction 
between parent and child via, for example, a mobile device. In addition, the present 
study on home literacy environment also included the measure parental estimations 
of their child’s literacy level. Related to these estimations, the parental beliefs and 
expectations of a child’s future literacy level are known to positively influence literacy 
acquisition (Al Otaiba, Lewis, Whalon, Dyrlund, & McKenzie, 2009; Stephenson, 
Parilla, Georgiou, & Kirby, 2008; Weigel, Martin, & Bennett, 2006). For home 
literacy environment research, the beliefs and expectations of teachers will also be 
an interesting future approach to shed more light on the complete (home and school) 
literacy environment of children with ID.
 
Practical Implications
The results of the present dissertation give rise to a number of scientific and 
practical implications within the field of early literacy development in children with 
ID. They may provide a basis for conducting an even more extensive longitudinal 
study on early literacy acquisition and development in children with ID – both 
with and without hearing impairment. To strengthen the theory on early literacy in 
children with ID, such a longitudinal study, covering the full period children develop 
literacy (from emergent literacy acquisition as toddler until the acquisition of reading 
comprehension in (early) adolescence) provides valuable insights in the literacy 
development of children with ID. Phonology and cognitive skills beyond those 
variables that are measured in the present dissertation can be incorporated within 
this extensive longitudinal study, and can be targeted at the right moment in time. 
Subgroups of children with ID hampered in various modalities could also be enrolled 
in such a large research project, including a more complete variety of intellectual 
disabilities from this population.
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By covering the whole track of literacy acquisition from emergent literacy 
(when children are approximately in between 2 and 4 years old) until early literacy 
(starting to develop from 5 years onwards), the knowledge about the transitions 
between literacy phases may become more clear. Knowing at which moment in time 
children with ID are most prone for developing phonology, orthography, or cognitive 
skills, the complex interplay between those variables will become clearer. The present 
dissertation shows the importance of phonological awareness in learning to read, 
but investigating the precursors of phonological awareness (i.e., speech production, 
speech perception, vocabulary) in children with ID will provide information that can 
be important for developing new literacy-methods, interventions, and other lines of 
research.
Although the importance of phonological awareness and letter knowledge 
has been stressed numerous times, this does not mean that children with ID need 
to receive only phonics-related input. Sight-word reading is known to be used in 
literacy-methods for children with ID, and the relatively strong letter knowledge 
skills in children with ID provides them with an advantage in applying this strategy 
whilst learning to read. However, sight-word reading has its disadvantages. Children 
are confronted with solely high-frequent or individually important words, and are 
restrained in learning to decode and understand less frequent words. Learning to 
decode will overcome this disadvantage of sight-word reading. 
Whereas we investigated early literacy in children with ID on a group level, 
focus on the individual is important too ; what are the strengths and weaknesses 
of children, which (strong or weak) skills can be trained or need to be trained? 
There are multiple phonics-based instruction strategies targeting early literacy 
acquisition that appear to work in children with ID (e.g., Erickson, 2005; Hill, 
2016), but orthography-related precursors (such as letter knowledge) could also be 
interesting to train in children with ID (Loveall & Conners, 2013). Moreover, even 
in more severely disabled children with ID, literacy acquisition can be stimulated 
via other strategies, focusing for example on more global reading strategies (i.e., 
common core standards; e.g., Power-deFur, 2016). Coyne, Pisha, Dalton, Zeph, and 
Cook Smith (2012) advise not to apply literacy instruction solely based on sight word 
reading in children with more severe intellectual disabilities, but also to focus on 
more bottom-up processes of literacy acquisition, as they acknowledge the potential 
of early literacy even within groups of such children. To conclude, literacy-related 
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variables which can have numerous positive outcomes of literacy acquisition and are 
prone to be trained in children with ID need to become the focus of attention in future 
research and practice.
It must be stressed that in teaching literacy to children with ID, teachers should 
be aware of this dissociation of multiple reading strategies. Children with ID become 
phonologically aware at a later age, but literacy methods should focus on phonics 
quite early in the educational setting of the child. If children with ID do not catch 
up with phonics-related methods, teachers tend to ignore such methods and start to 
make use of sight-word strategies. Results from the present research show that it is 
important to keep on stimulating children with phonological awareness and letter 
knowledge related activities, as these constructs appear predictive of future early 
literacy abilities. So, a combination of both sight-word strategy and phonics may 
be effective for children with ID (Lemons, Mrachko, Kostewicz, & Paterra, 2012), 
and the results of the present dissertation could help teachers and practitioners to 
determine what kind of literacy-methods or programs for children with ID can be 
used. As it is known that one-on-one or small group teaching is most effective in 
literacy interventions (Hill, 2016), it is recommended to apply these educational 
methods and interventions at school. However, if special education teachers want to 
provide literacy to larger groups of children with ID, commonalities in early literacy 
development provide an efficient basis of literacy teaching to multiple individuals. 
Results from the present dissertation found several of those commonalities within 
a heterogeneous group of children with ID, which provides teachers the proper 
information of what constructs to learn to children. 
Not only teachers or the school environment needs to be involved in the early 
literacy development of children with ID. The influence of parents within the home 
environment of the child needs not to be underestimated. If parents are aware of the 
possibilities of early literacy stimulation, and are known with the possible strategies 
and available methods, and know how to apply literacy opportunities, this will 
result more effective literacy development. In interaction with teachers and school, 
parents play a key role in the early literacy development of their child, and the home 
environment can elaborate on what has been taught and learned at school (Van der 
Schuit, Segers, Van Balkom, Stoep, & Verhoeven, 2010), which may help parents to 
become better in estimating their child’s literacy level. 
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Finally, the gap between research and practice can be diminished with 
knowledge of results of the present dissertation. In collaboration, researchers and 
practitioners learn from each other’s knowledge and skills, and integrating this 
knowledge may lead to the proper tools for researchers to focus on in future research, 
and for practitioners to implement in their teaching. Whereas the present research has 
focused on commonalities of children with ID within the early literacy development, 
individual strengths of children with ID provide further opportunities to become 
functionally literate in a world that is strongly literacy-focused. It is not yet known 
what potential each individual child with ID has (Courtade, Spooner, Browder, & 
Jimenez, 2012), but it is up to both research and practice to bring out the best of each 
individual, leading to a prosperous future for this vulnerable group which has so 
many possibilities in developing at least a functional level of literacy.
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Nederlandse samenvatting
De Ontwikkeling van Beginnend Leren Lezen bij Kinderen met een 
Verstandelijke Beperking
Een verstandelijke beperking (VB) komt voor bij ongeveer 1% van de 
Nederlandse bevolking (www.volksgezondheidenzorg.info). Kinderen met een VB 
ervaren naast problemen in hun algemene cognitieve ontwikkeling, complicaties 
met het werkgeheugen, aandacht regulatie, oriëntatie (lichaam, tijd, omgeving), 
adaptatie, en/of taal- en leesvaardigheid (Schalock et al., 2010). Deze clustering 
van stoornissen belemmeren kinderen met een VB in hun algehele ontwikkeling 
en leervermogen. Taalverwerving en de leesleerontwikkeling bouwen voort op 
verscheidene deelvaardigheden, zoals bijvoorbeeld de hierboven genoemde 
vaardigheden. Daarnaast zijn er verschillende andere vaardigheden die het leren lezen 
beïnvloeden, zoals klankbewustzijn, letterkennis en het decoderen van woorden. 
Al deze vaardigheden hangen met elkaar samen, en dit samenspel draagt bij aan de 
taalontwikkeling van een kind. Bij kinderen met een VB leiden haperingen in de 
ontwikkeling van verschillende deelvaardigheden tot een problematisch verlopende 
leesleerontwikkeling. Gezien het gegeven dat taal en lezen belangrijk zijn bij de 
informatieverwerking, en zodoende ook voor kennisontwikkeling, is het van groot 
belang om meer weet te krijgen van de belemmerende factoren die kinderen met een 
VB in hun ontwikkeling ondervinden, en hoe deze factoren uitwerken op de taal- en 
leesleerontwikkeling. Deze kennis kan bijdragen bij het zoeken naar de best passende 
ondersteuning die noodzakelijk is voor het kind.  
Voordat kinderen rond hun zesde jaar formeel leesonderwijs krijgen, pikken zij 
informatie over de vorm van taal en de functionaliteit van geschreven taal op in allerlei 
verschillende vormen; middels het zingen van liedjes, het kijken naar de televisie, het 
kijken van (prenten)boeken, het voorgelezen worden door ouders, of door middel van 
taal/letterspelletjes op papier of middels een computer of tablet. Tijdens deze eerste 
jaren van hun leven ontwikkelen kinderen de zogenaamde ontluikende geletterdheid. 
Al deze vormen van ontluikende geletterdheid zorgen ervoor dat kinderen een 
basis verkrijgen om uiteindelijk te starten met het ontwikkelen van beginnende 
geletterdheid. Met beginnende geletterdheid wordt het proces bedoeld waarbinnen 
kinderen uiteindelijk in staat zijn om klanken te koppelen aan letters, en verschillende 
letters uiteindelijk kunnen synthetiseren tot een woord, genaamd woord decoderen 
of technisch lezen. In dit proces is het dus allereerst noodzakelijk om klanken van 
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gesproken taal te kunnen herkennen en om deze klanken in verschillende contexten 
te kunnen manipuleren. Dit wordt het fonologisch bewustzijn genoemd (Anthony 
& Francis, 2005). Voorbeelden van het fonologisch bewustzijn zijn het kunnen 
herkennen van klankpatronen, begin- of eindrijm, maar ook het kunnen opdelen van 
woorden in letterklanken, of het kunnen manipuleren van letters in woorden waardoor 
er nieuwe woorden ontstaan. Als een kind een voldoende mate van fonologisch 
bewustzijn heeft, en het kind de koppeling kan maken tussen letterklanken en het 
grafische equivalent (de letter) en hier betekenis aan geven, dan kan het kind als 
volgende stap meerdere van deze letters aan elkaar koppelen, zodat deze samen een 
woord vormen; het decoderen van woorden. Met het vloeiend kunnen decoderen van 
woorden kan worden gesteld dat het kind beginnende geletterdheid onder de knie 
heeft. Problematiek in verschillende deelvaardigheden die gerelateerd zijn aan het 
leren lezen zorgt er dus voor dat het leesleerproces bij kinderen met een VB stagneert.
Het cluster van elkaar versterkende en belemmerende factoren leidt 
bij kinderen met een VB tot een onvoorspelbaar klinisch beeld waarbij de 
ontwikkeling van het kind zich lastig laat voorspellen. In het licht daarvan is het 
niet geheel duidelijk welke achtergrondfactoren nu precies van belang zijn voor 
het ontwikkelen van beginnende geletterdheid en wat nu het daadwerkelijke effect 
is van de verschillende achtergrondfactoren die het leesproces beïnvloeden bij 
kinderen met een VB. Daarenboven komt het regelmatig voor dat kinderen naast 
hun verstandelijke beperking ook nog andere beperkingen ervaren, bijvoorbeeld een 
gehoorbeperking (slechthorend (SH) of doof (D)). Door deze gehoorbeperking wordt 
het herkennen en onderscheiden van klanken in gesproken taal extra bemoeilijkt, 
wat een negatieve weerslag kan hebben op het beginnende leesproces. Een auditieve 
stoornis komt in combinatie met een VB vaak voor (Schipper, 2014). Onderzoek 
naar het leren lezen bij kinderen met een VB met een additionele gehoorbeperking 
(SH/D-VB) schaars. Beide groepen kinderen met VB (horende kinderen met VB 
en taalontwikkelingsstoornissen en dove of ernstig slechthorende kinderen met 
een VB) behoren tot de kerndoelgroep van leerlingen binnen Koninklijke Kentalis. 
Het leesonderwijs bij deze doelgroep vereist speciale kennis om kindgerichte 
aanpassingen te kunnen maken en de leesleerontwikkeling op maat te kunnen 
ondersteunen. Kennis en inzicht op dat gebied zijn onvoldoende, te meer door het 
ontbrekende onderliggende en verklarende onderzoek. Om deze reden heeft Kentalis 
het huidige onderzoek naar beginnend leren lezen mogelijk gemaakt. Het onderzoek 
richt zich op het identificeren van achtergrondfactoren die de leesontwikkeling van 
kinderen met een VB of SH/D-VB kunnen verklaren en wat de onderlinge samenhang 
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is tussen deze verschillende factoren die gerelateerd zijn aan de ontwikkeling van 
beginnende geletterdheid. Het huidige onderzoek geeft antwoorden hierop middels 
een longitudinaal onderzoek verspreid over 2 jaar. In dit onderzoek is een groep 
kinderen met een VB vergeleken met een groep zich normaal ontwikkelende 
kinderen op een verscheidenheid aan achtergrondfactoren die mogelijk gerelateerd 
zijn aan beginnende geletterdheid. Verschillen tussen de groepen zouden zodoende 
een verklaring kunnen geven in hoeverre de lees-leerontwikkeling van kinderen 
met een VB afwijkt van die van zich normaal ontwikkelende kinderen, en welke 
factoren bij kinderen met een VB zich relatief goed of minder goed ontwikkelen, 
om zo aanknopingspunten voor verbeterde lees-leermethodieken of interventies aan 
te kunnen dragen. Daarnaast is een groep kinderen met een SH/D-VB onderzocht 
op het niveau van beginnende geletterdheid, om uitspraken te kunnen doen over de 
mate waarin de door hen ondervonden additionele problematiek van invloed is op de 
leesontwikkeling. 
 
Beginnend Leren Lezen bij Kinderen met een Verstandelijke Beperking
Als eerst is er onderzoek gedaan naar de belangrijkste voorspellers van het 
beginnend leren lezen bij kinderen met en zonder een VB. In deze eerste studie 
(hoofdstuk 2) werd een testbatterij samengesteld en afgenomen met in totaal 11 
taken die verschillende onderdelen van beginnende geletterdheid maten bij een groep 
kinderen die zich in de partial alphabetic phase of reading (Ehri, 2005) bevonden. In 
deze fase van het leren lezen is het kind in staat om de meest frequente letternamen- 
en klanken te herkennen en om sommige van deze constructen in te kunnen zetten 
tijdens het decoderen van simpele woordjes. Uit de resultaten volgde dat kinderen 
met een VB achterliepen op alle verschillende onderdelen gerelateerd aan het leren 
lezen, ondanks het gegeven dat ze gemiddeld anderhalf jaar ouder waren dan de 
groep kinderen met een normale ontwikkeling. Waar deze groep kinderen met een 
normale ontwikkeling lieten zien dat hun fonologische bewustzijnsvaardigheden 
de letterkennis voorspelde, en hun letterkennis vervolgens het decoderen van 
woorden, lieten kinderen met een VB een afwijkend patroon zien, waarbij non-
verbale intelligentie (ofwel logisch redeneren) en het kopiëren van ritmes belangrijk 
waren voor het voorspellen van de vroege beginnende geletterdheidsvaardigheden 
fonologisch bewustzijn en letterkennis. Uit de data kon met enige mate van zekerheid 
worden afgeleid dat letterkennis bijdraagt aan het uiteindelijke decoderen van 
woorden. Daarnaast werd geconcludeerd dat binnen de groep kinderen met een 
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VB, variatie in non-verbale intelligentie het niveau van beginnende geletterdheid 
kon verklaren. Vervolgonderzoek moest vervolgens uitwijzen wat de rol was van de 
overige achterliggende factoren in de ontwikkeling van beginnende geletterdheid.
In de hoofdstukken 3 en 4 werd hier verder op ingegaan. Een groep van 
53 kinderen met een VB (tussen de 5,5 en 6,5 jaar; IQ tussen de 50 en 75) en 74 
zich normaal ontwikkelende kinderen met een vergelijkbare leeftijd participeerden 
in een grootschalig longitudinaal onderzoek naar de ontwikkeling van beginnend 
leren lezen. Allereerst werd er na meetmoment 1 een model opgemaakt waarin 
de voorspellers van beginnende geletterdheid werden meegenomen. Opnieuw 
werd bij de groep zich normaal ontwikkelende kinderen het verwachte patroon 
gevonden, waarbij achtergrondfactoren fonologisch bewustzijn, woordenschat en 
fonologisch geheugen het niveau van letterkennis voorspelden, welke vervolgens 
het woord decoderen voorspelde. Bij kinderen met een VB voorspelden deze 
achtergrondfactoren de letterkennis niet, al voorspelde letterkennis zelf het woord 
decoderen wel. Geconcludeerd werd dat kinderen met een VB achter lopen in hun 
beginnende geletterdheidsontwikkeling, maar dat, gezien het gegeven dat deze 
kinderen wel gebruik maken van hun letterkennis om tot lezen te komen, er wel 
verwacht kon worden dat kinderen uiteindelijk ook het fonologisch bewustzijn 
in zouden kunnen zetten om tot lezen te komen, als dit fonologische bewustzijn 
daadwerkelijk voldoende was ontwikkeld. Deze verwachting werd in hoofdstuk 4 
gedeeltelijk bevestigd. Zowel fonologisch bewustzijn als letterkennis voorspelden 
het woord decoderen bij deze groep kinderen over tijd. Opvallend hierbij is dat 
letterkennis een voorspeller bleek te zijn voor fonologisch bewustzijn. Kinderen met 
een VB maken dus mogelijk gebruik van hun letterkennis om vervolgens klanken te 
leren onderscheiden. Deze vaardigheden kunnen vervolgens ingezet worden om tot 
lezen te komen. Daarnaast bleken de achtergrondfactoren RAN (‘Rapid Naming’; het 
automatiseren van benoemen van objecten) en het fonologische kortetermijngeheugen 
voorspellend voor de belangrijkste beginnende geletterdheidsvaardigheden. 
Samenvattend kan worden gesteld dat kinderen met een VB mogelijk dezelfde 
variabelen gebruiken om tot lezen te kunnen komen als zich regulier ontwikkelende 
kinderen, maar dat zij achterlopen in dit proces vanwege zwaktes in hun algemeen 
cognitief functioneren en in verschillende lees- en taalvaardigheden die noodzakelijk 
zijn voor het ontwikkelen van beginnende geletterdheid. 
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In het onderhavige onderzoek werd niet alleen gekeken naar kind-specifieke 
karakteristieken die gerelateerd zouden kunnen zijn aan het leesproces maar ook naar 
omgevingsfactoren, zoals het leesklimaat thuis. Uit eerder onderzoek is gebleken dat 
thuisgeletterdheid van invloed is op de ontwikkeling van het leren lezen (Sénéchal & 
LeFevre, 2014). Onder de thuisgeletterdheid worden alle actieve of passieve vormen 
van geletterdheid die aanwezig zijn in huis verstaan. Bij actieve vormen gaat het om 
de interactie tussen ouder en kind zoals voorlezen en het spelen van taalspelletjes. 
Passieve vormen richten zich meer op het aanwezige geletterdheidsmateriaal in huis. 
In hoofdstuk 5 werd gekeken naar de invloed van de thuisgeletterdheid op beginnend 
leren lezen bij kinderen met een VB. Uit het onderzoek kwam naar voren dat kinderen 
met een VB baat hadden bij voldoende geletterdheidsmateriaal dat aanwezig 
was in huis. Daarnaast werd er aangetoond dat het inschatten van het niveau van 
geletterdheid van het kind met een VB door de ouders van invloed was op de groei in 
geletterdheid. Het correct kunnen inschatten van het niveau draagt bij aan een betere 
interactie tussen ouder en kind wat betreft geletterdheid; ouders zullen beter in staat 
zijn om het juiste leesmateriaal met hun kind te delen. Aanbod en ondersteuning van 
leesmateriaal door ouders thuis, passend binnen het ontwikkelingspotentieel van het 
kind, stimuleert vervolgens de beginnende geletterdheid. 
 
Beginnend Leren Lezen bij Kinderen met SH/D-VB
In het onderzoek naar kinderen met SH/D-VB (hoofdstuk 6) werd dieper 
ingegaan op de voorspellers van het fonologisch bewustzijn en letterkennis 
bij deze groep, namelijk spraak perceptie- en productie, RAN, het verbale 
kortetermijngeheugen en woordenschat. Gezien de ervaren gehoorproblematiek bij 
deze kinderen werd verwacht dat dit ook het grootste euvel zou zijn. De combinatie 
van auditieve stoornissen met verstandelijke beperkingen leidt in dat opzicht tot een 
verwachte ‘dubbele achterstand’ ten aanzien van de leesleerontwikkeling.
In een kleine groep van elf kinderen met SH/D-VB (tussen de 6 en 9,5 
jaar; IQ tussen de 50 en 75, gehoorverlies van minstens 35 dB) werd onderzocht 
welke achtergrondvariabelen een rol speelden bij het ontwikkelen van beginnende 
geletterdheid en hoe de gehoorproblematiek bijdroeg aan de problematiek die zij 
ervoeren bij het leren lezen. Uit het onderzoek bleek dat kinderen met een SH/D-
VB achterliepen op een groep kinderen met een VB die waren gematcht op leeftijd, 
geslacht en non-verbale intelligentie. Kinderen met een SH/D-VB hadden met 
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name moeite met achtergrondvariabelen gerelateerd aan spraak (spraakperceptie- en 
productie), en liepen daarnaast achter op woordenschat. Het zijn juist deze variabelen 
die van belang zijn voor het ontwikkelen van een sterk fonologisch bewustzijn. 
Door hun gehoorproblematiek is het voor deze kinderen lastiger om fonologische 
representaties te vormen. Deze representaties dienen immers als startpunt voor het 
ontwikkelen van fonologisch bewustzijn. De huidige bevindingen laten zien dat 
kinderen met een SH/D-VB nog kwetsbaarder zijn in het ontwikkelen van geletterdheid 
dan horende kinderen met VB. Het is zodoende van belang voor deze kinderen om 
de hiervoor genoemde fonologische representaties te laten ontwikkelen middels 
gehoorversterking (oorhangers, cochleaire implantatie), of gebruik te maken van 
andere modaliteiten dan gehoor, zoals bijvoorbeeld gebarentaal of gebarensystemen 
en spraakafzien (liplezen, ter versterking van fonematisch bewustzijn dat al enigszins 
aanwezig is of leerbaar is), of vormen van ondersteunende communicatieapparatuur 
(waaronder bijvoorbeeld een spraakcomputer of tablet). Deze voorzieningen kunnen 
vaardigheden versterken waarmee belemmeringen vanuit de gehoorproblematiek 
gecompenseerd kunnen worden en de weg naar leren lezen toegankelijk kunnen 
maken. De keuze en inzet van de best passende ondersteuning dient te gebeuren 
vanuit een adequate inschatting van de verstandelijke beperking en vaardigheden, 
in combinatie met de aard en ernst van de gehoorproblematiek.
 
Praktische Implicaties van het Huidige Onderzoek
Gezien de resultaten van het huidige onderzoek kan er gesteld worden dat 
kinderen met een VB achterlopen in hun ontwikkeling van beginnende geletterdheid. 
Echter, deze kinderen kunnen (met passende ondersteuning) vaardigheden 
ontwikkelen op de meest kritieke achtergrondvariabelen van de leesleerontwikkeling, 
zoals bij zich normaal ontwikkelende kinderen. Dit voedt de gedachte dat kinderen 
met een VB achterlopen, maar wel in staat zijn om uiteindelijk tot lezen te komen 
(Wise, Sevcik, Romski, & Morris, 2010). 
Deze bevindingen zijn van belang om in ogenschouw te nemen als kinderen 
met een VB beginnen met leren lezen. Allereerst moeten deze kinderen gestimuleerd 
blijven worden om hun fonologische bewustzijn te blijven ontwikkelen. Ouders en 
leerkrachten kunnen hier thuis of op school op inspelen, door het juiste materiaal of 
de juiste instructie te leveren aan het kind. Van belang hierbij is om niet te vroeg te 
stoppen met het stimuleren van het fonologische bewustzijn op het moment dat het 
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lijkt alsof het kind het niet oppakt. Het huidige onderzoek laat zien dat kinderen met 
een VB zeker zo’n twee jaar later het niveau van fonologisch bewustzijn bereiken 
wat nodig is om verder te kunnen komen in het leesproces. Daarnaast is het van 
belang om vooral in te spelen op vaardigheden en competenties waar kinderen met 
een VB relatief sterk in zijn. Zo (her)kennen kinderen met een VB de vorm van letters 
relatief veel, wat ze kan helpen bij a) het woord decoderen en b) het ontwikkelen 
van het fonologische en fonemisch bewustzijn. Er kan hierbij gedacht worden aan 
phonics-instruction (voor een overzicht, zie Hill, 2016), een specifieke manier van 
leesinstructie die zich met name focust op het stimuleren van het fonologische 
bewustzijn door middel van het versterken van letter-klank koppelingen. Ook de 
geletterde thuisomgeving van het kind zal goed moeten worden afgestemd op dat 
wat het kind nodig heeft. De aanwezigheid van geletterdheidsmateriaal, als ook het 
aanbieden van geletterdheidsmateriaal op het niveau van het kind zal bijdragen aan 
de groei van geletterdheid bij kinderen met een VB. Ouders zullen hierbij een actieve 
rol moeten spelen om hun kinderen te stimuleren met geletterdheid in aanraking 
te komen. Voor kinderen met een SH/D-VB zou het aanleren van geletterdheid 
gepaard kunnen gaan met ondersteuning van gebaren of andere vormen van 
ondersteund communiceren. Door die ondersteuning kan de focus worden gelegd 
op de perceptie van spraaksignalen, zeker daar waar kinderen in staat zijn om de 
input van spraaksignalen te converteren naar een fonologische representatie. Dit 
zal de mogelijkheden voor het leren lezen sterk kunnen bevorderen. Als laatst zorgt 
het huidige onderzoek er voor dat het gat tussen de wetenschap en de praktijk kan 
worden verkleind. In het onderzoek is rekening gehouden met zowel theoretische 
verklaringen omtrent de ontwikkeling van het beginnend leren lezen, maar is ook 
rekening gehouden met de gevolgen van de bevindingen voor leerkrachten. 
 
Conclusie
De resultaten van dit proefschrift laten zien dat de achterliggende factoren 
gerelateerd aan het beginnend leren lezen vergelijkbaar zijn voor kinderen met en 
zonder een VB, maar dat het aanleren van beginnende geletterdheid voor de kinderen 
met een VB een andere aanpak behelst, waarbij rekening wordt gehouden met de 
vertraging van het leesleerproces binnen deze groep. Aan de hand hiervan kan er voor 
ieder kind worden gekeken naar de best passende manier om geletterdheid aan te leren, 
waarbij sterk wordt aangeraden om de letter-klank koppeling te versterken. Voor de 
groep kinderen met een SH/D-VB kan geletterdheid daarnaast worden gestimuleerd 
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middels het gebruik van meerdere modaliteiten. Het ontwikkelen van beginnende 
geletterdheid kan leiden tot het functioneel gebruik van geletterdheid, wat bij zal 
dragen aan de zelfstandigheid van deze kinderen in de hedendaagse maatschappij; 
een maatschappij die sterk op het belang van geletterdheid rust. 
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Dankwoord
Vanaf de middelbare school zei ik al: “later wil ik leraar worden”. Tijdens mijn 
studie zei ik: ”ik wil later geen onderzoek doen”. Logisch dus dat ik besloot na mijn 
bachelor een onderzoeksmaster te gaan volgen en al helemaal logisch dat ik daarna 
besloot om een promotieonderzoek gedurende 5 jaar uit te voeren. Waarom? Omdat 
het onderwerp onderwijs-gerelateerd was én ik onderwijs mocht gaan geven. Maar 
achteraf kan ik wel stellen dat promoveren veel meer is dan alleen onderzoek doen. 
Tijdens de afgelopen 7 jaar heb ik het genoegen gehad met ontzettend veel mensen 
samen te mogen werken, welke mij allen hebben geholpen, ondersteund of hebben 
gestimuleerd om dit project tot een goed einde te kunnen brengen, of waar ik gewoon 
vreselijk hard mee heb kunnen lachen. Dit dankwoord is een klein gebaar naar 
iedereen die ik in de loop der tijd ben tegengekomen, die interesse hebben getoond 
(“hoe staat het ervoor met je proefschrift?”, “is je proefschrift al af?”), maar bovenal 
mij een fantastische tijd hebben laten beleven.
Om te beginnen met niet de minsten: mijn promotoren Ludo, Hans en Eliane. 
Een fantastische drie-eenheid, van wie ik the best of three worlds heb mogen ontvangen 
én ervaren tijdens mijn promotieproject; nuchterheid, humor en ondersteuning. 
Ludo, wij leerden elkaar kennen bij de cursus Leren en Ontwikkeling in het eerste jaar 
van mijn master, waarna ik in het tweede jaar onder jouw begeleiding mijn scriptie 
schreef en vervolgens onder jouw begeleiding mocht gaan promoveren. In al die 
tijd ik ongelooflijk veel van je geleerd; niet alleen inhoudelijk, maar ook hoe je mijn 
zorgen weg kon nemen met jouw nuchtere, ontspannen en haast nonchalante manier 
van begeleiden. Je bezit de gave om mij na iedere afspraak, waar ik met vragen, 
onduidelijkheden en onzekerheid binnenliep, met een gerust gevoel weer naar buiten 
te laten lopen, al het onduidelijke achter mij latende. Geweldig! Hans, naast dat ik zo 
veel meer te weten ben gekomen over (ondersteunde) communicatie en de doelgroep 
van deze promotie: wat hebben we veel gelachen de afgelopen jaren. Humor bindt 
en daarom voelde ik mij altijd verbonden met jou. Ik heb tranen gelachen over de 
Oermoeder op het perron van een metrostation in Lissabon, de grapjes tijdens de 
overleggen met Ludo en Eliane, of met de OC-leerstoel. Daarnaast waardeer ik het 
enorm dat je, ondanks al je bezigheden, altijd tijd vrij maakte voor een gesprek of een 
afspraak. Dit heeft mij echt enorm geholpen! Eliane, ook wij leerden elkaar kennen 
in mijn eerste jaar van mijn master, bij de cursus Research Training, alwaar we onder 
jouw aanvoering met een groepje studenten een project uitvoerden omtrent het thema 
Pesten. Super dat Ludo mij aan het begin van mijn project mededeelde dat jij als 
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dagelijks supervisor bij het project betrokken werd. En jouw hulp heb ik zeker nodig 
gehad. Honderden stukken van heb jij van feedback voorzien, iedere bijeenkomst 
was je tot in de puntjes voorbereid, het gehele project overziend en met een kritische 
blik reflecterend op het geheel; ik heb me altijd afgevraagd hoe jij altijd zo scherp 
bent! Je hebt mij in de afgelopen jaar enorm geholpen, bedankt daarvoor! In mijn 
huidige werkzaamheden voorzie ik studenten van feedback en ik merk dat ik in jouw 
feedbackstijl een perfect voorbeeld heb; kritisch, scherp en met een vleugje humor. 
En al ben ik dan degene die deze stukken nakijkt: jouw handtekening staat hier altijd 
ook een beetje onder.
Graag wil ik ook de manuscriptcommissie, Prof. Dr. Roy Otten, Prof. Dr. 
Annette van der Putten, en Prof. Dr. Roel van Steensel, bedanken voor het lezen en 
beoordelen van mijn proefschrift.
Ook alle deelnemende scholen, leerlingen, contactpersonen, leerkrachten: 
bedankt. Ik heb mij altijd welkom gevoeld en heb genoten van de samenwerking met 
de leerlingen. Wat hebben jullie iedere keer weer jullie best gedaan! Ik zal voor altijd 
mooie herinneringen houden aan deze momenten.
Maar, het testen op scholen heb ik niet helemaal alleen gedaan. Ik wil alle 
studenten bedanken die mij hebben geholpen met het verzamelen van de data. In 
het bijzonder noem ik hier Nadim, die na een jaar als student, mij ook als student-
assistent heeft geholpen met de dataverzameling en met het invoeren van deze data. 
Onze koffie-thee momenten waren altijd van hoog intellectueel niveau… En gewoon 
heel gezellig!
Tijdens mijn promotieonderzoek had ik het genoegen om betrokken te zijn 
bij de OC-leerstoel en heb daar met fantastische mensen samen mogen werken. 
Judith, jouw rust, interesse en kennisoverdracht hebben mijn denken over het 
onderwerp verrijkt en ik heb jouw constante betrokkenheid bij het project enorm 
gewaardeerd. Mascha, in Pittsburgh hebben wij elkaar echt leren kennen en wat is 
het heerlijk om af en toe met iemand samen te zijn die net zo gek, druk, chaotisch 
en impulsief is als ik zelf. En wat heb ik een waardering voor jouw passie waarmee 
jij je inzet voor jouw project én jouw gezin. Evelien, mijn partner in crime (zoals 
ook in jouw dankwoord staat) vanaf dag één. We hebben 5 jaar een kamer gedeeld 
en ondanks dat wij verschillende persoonlijkheden zijn (druk vs. rustig; impulsief 
vs. doordacht; chaotisch vs. gestructureerd), heb ik in jou de allerbeste en fijnste 
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kamergenoot en collega gehad die ik mij maar kon wensen. We hebben het beste in 
elkaar naar boven gehaald en geweldig kunnen samenwerken: bedankt! 
Maar er waren nog zo veel meer fijne collega’s met wie ik de afgelopen 
jaren zo veel geweldige momenten heb beleefd. Daan, iedere vrijdag was het weer 
feest in kamer A04.16. Grapjes, elkaar belachelijk maken, maar ook inhoudelijke 
gesprekken, met name over de dovenpopulatie. Later ook de bezoekjes aan Café 
Maxim en onze gezamenlijke deelnames aan allerlei pouletjes. Nicole, samen als 
algemeen bestuurslid bij PON hebben we mooie tijden beleefd, net als tijdens alle 
borrels, promotiefeestjes, ritjes naar McDonalds, Bergse kwissen of in onze vrije 
tijd; je bent geweldig! Helen, bij jou kon ik altijd terecht; werken op je kamer, een 
bakkie, of met een bizar flauwe mop: . Moniek(ie), in Nijmegen was het altijd al 
leuk, maar in Utrecht kunnen we elkaars passie voor onderwijs écht met elkaar delen! 
Verder wil ik alle overige collega’s, mede-promovendi, secretaresses, maar 
ook de portiers en natuurlijk Kitty en Jo van het DE-café bedanken voor alle mooie 
momenten! We hebben gelachen!
Van alle mensen op de Radboud Universiteit zijn er twee maatjes die hier 
absoluut benoemd moeten worden. Paranimfen Roy en Stijn, of zoals ze bij mij 
bekend staan: Finch en Deck. Alweer 9 jaar geleden kwam ik als ‘westerling’ 
naar Nijmegen. Finch, met jou had ik meteen een klik en die klik is er nog steeds. 
Hoeveel liter koffie hebben we niet weggewerkt, hoeveel biertjes hebben we wel 
niet gedronken. Deck, met jou had ik niet meteen een klik, maar dat was puur op 
academische gronden en die academische klik is in de loop der jaren zeker ontstaan. 
Gasten, jullie hebben altijd het beste en het slechtste in mij naar boven gehaald. Dank 
dat jullie me konden laten lachen, laten huilen, mij belachelijk konden maken maar 
bovenal dat we met z’n drieën deze bijzondere tijd hebben kunnen doormaken. Ik ben 
trots op jullie en op onze vriendschap!
Theo, Karin, Nienke en Maikel, fijn dat jullie altijd interesse toonden 
in mijn werkzaamheden. Maikel, geweldig hoe kritisch jij door kon vragen over 
wat ik allemaal wel niet deed in Amerika en hoe oprecht geïnteresseerd je was in 
ondersteunde communicatie. Bijzonder!
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Joosje, Ivo en Wout, ook jullie wil ik zeker niet vergeten te bedanken. 
Grote kleine zus, je hielp mij aan een groot gedeelte van mijn proefpersonen. Maar 
misschien nog wel belangrijker is dat jij mij eigenlijk hebt leren lezen en schrijven; 
jij zat in groep 3 en ik was nog een kleuter. Toen was je al een geboren juf, inclusief 
het geven van strafwerk. Voor mij ben jij de beste! 
Papa en Mama, de promotietijd was voor mij niet altijd de leukste of 
makkelijkste, maar jullie hebben mij er doorheen geloodst. Papa, ik weet dat je er 
trots op bent dat ik straks net als jij gepromoveerd ben, ondanks dat ik maar ‘een 
stomme alfa’ ben. Zonder jouw enthousiasme en (zoals achteraf altijd weer blijkt) 
wijze raad was ik misschien wel nooit gaan promoveren. Mama, je bent er altijd 
voor me. Als ik trots was, was jij trots. Als ik worstelde, hielp jij mij met je altijd 
opbeurende woorden. Ik denk dat je je niet beseft hoe belangrijk je voor mij bent 
geweest de afgelopen jaren. 
Marjolein, ik leerde jou kennen eind 2013. En zoals ik vaker zeg, tegen jou 
of tegen anderen: vanaf toen begon mijn project opeens te lopen. Toeval of niet, 
voor mij is het veelzeggend. Je hebt de afgelopen jaren enorm meegeleefd, interesse 
getoond, mij een schop onder m’n kont gegeven als het nodig was, alles met als 
doel om de promotie goed af te ronden. Ik kan je niet genoeg bedanken hiervoor. 
Dit boekje is daarom zeker weten ook een beetje van jou. Nu zit de promotie er op. 
Maar samen gaan we verder en gaan we de tijd van ons leven beleven met al die tijd 
die ik nu over heb! Het kan mij niet snel genoeg gaan! Ik hou van jou!
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Arjan van Tilborg werd geboren op 13 oktober 1987 te Leiden. Na het behalen 
van zijn VWO-diploma in 2005 aan het Rijnlands Lyceum Oegstgeest besloot hij een 
tussenjaar te nemen. In dit tussenjaar gaf hij 4 maanden les aan Grade 5 van Akroso 
Roman Catholic Primary School te Ghana. In 2006 begon hij met de bachelorstudie 
Psychobiologie aan de Universiteit van Amsterdam. Vervolgens volgde hij tussen 
2009 en 2011 de Research Master Behavioural Science aan de Radboud Universiteit, 
alwaar hij cursussen volgde met de focus op pedagogiek, leerproblemen en onderwijs. 
Zijn masterthesis schreef hij over tweetaligheid en dyslexie bij middelbare scholieren, 
onder begeleiding van Prof. Dr. Ludo Verhoeven en Prof. Dr. Janet van Hell. Na het 
afronden van zijn master startte hij in september 2011 met zijn promotieonderzoek 
onder begeleiding van Prof. Dr. Ludo Verhoeven, Prof. Dr. Hans van Balkom en Prof. 
Dr. Eliane Segers bij de afdeling Orthopedagogiek: Leren en Ontwikkeling, waar 
hij onderzoek deed naar de ontwikkeling van het beginnend leren lezen bij kinderen 
met een verstandelijke beperking en kinderen die daarnaast ook gehoorproblematiek 
(doof/slechthorend) ervoeren. 
Tijdens zijn promotieonderzoek gaf hij werkgroepen voor de cursus 
Werkveldoriëntatie (later: Onderwijskundige Vaardigheden) voor de studie 
Onderwijskunde, begeleidde hij 29 bachelorscripties en 3 masterscripties en 
begeleidde hij daarnaast een scriptie voor het OnderwijsTraineeship voor academici 
van de Docentenacademie. In 2016 behaalde hij zijn BasisKwalificatie Onderwijs 
(BKO). Ook was hij gedurende een jaar algemeen bestuurslid van de PhD Organisation 
Nijmegen (PON), het vertegenwoordigende orgaan voor alle PhD-kandidaten van de 
Radboud Universiteit en het Radboud UMC. 
Sinds het beëindigen van zijn promotiecontract (september 2016) werkt Arjan 
bij de afdeling Educatie, als docent en tutor bij de studies Onderwijswetenschappen 
en de Academische Lerarenopleiding Primair Onderwijs (ALPO) aan de Universiteit 
Utrecht, is hij betrokken bij het honoursprogramma van de Faculteit Sociale 
Wetenschappen en is hij voorzitter van de OpleidingsCommissie van de studies 
Onderwijswetenschappen en de ALPO.  
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